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rewritten { 10^ 4, to bring tlie paragniph into agreement witlt g 56. 4; 
have made slight additions to §§ 25. 2 (footnote): 50. 5; 35. 4, and 
56. I (footnote); and have introduced a new paragraph, § 27«, on 
the expeninental methods of the inrestigadon of Memory and Assodatioo. 
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there are obnous difficulties in the way of an English terminology; 
and it is not probable that auy proposals which could be made at 
the present time would find general acceptance. But, these reasons 
apart, I have thought it best to keep the German symbols 33 an 
aid to the student in lua reading of Geim;m monographic literature. 
He may now fomiliarise himself with thdr cKpIanaiion in the tiana- 
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1. The businen of sU science is the description of focts. In any 
[ M rtJ o i l ar dnsctipiion we cmptoj' a certain set of sy-mbols, which serve» 
us as a m«Ans of expression of the facts which we wbh to present. 
Every science, therefore, constructs for its own ose <t system of sym- 
bols; and the uaiutnal validity of a scientific description depends in 
part upoa the accutate and conn^qucnt application of this sptcra. In 
part oaly: for it is a mancr of experience that the individual fa« 
staadt in definite relations to other facts, and that the existence and 
•pedficatioD of these are necessary to raise it above the level of mere 
pewoml opinion and belief. Indeed, it v-ould not be too much 1o 
My. that any initiyid'al fad am be adequately defined by the 
**;^f;^ i a>'^ nf al l '"^ TTrfal i rr* '"^ other f actit. And while popular 
lEiBldng is usually content with a very incomplete statement of tiMiBj 
it üt tlie task of science to make their dcsn-ription exhaustive. So 
that the universal validity of a sdentilic ex]>o»ition depends in the 
secnad place upon the progress made by the special science towards 
ibe achievement of this end. 

2. Tlic facte with which scieace in general, apart from philiuophy, 
bn to deal we term fattt of tfcptrittut. They are the ultimate and 
oiiginal data of our citperiencc: they constitute the subject matter of 
redccaon, ahhough they arc not id themselves reflection. Philosophy, 
on the other band, has to inrcstigate the description of these ^ts ; 
oar nfittMn upon experience is made the object of a separate inquiry. 
Now it is evident that the ideas, passions, etc., wliicb psychologists of 
the most different schools ^ee in dbcuning in thdi treatises, must 
be considered lactt of experience. Hence h follows that psychology 
belongs not with the philofopbical disciplines, but «ith the special 
sciences. 

J. Otir ocdinaiy classifications of the special sciences are based 
upon a munber of divergent principles. Thus we distinguish botany 
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from zoolog}'. Jurisprudence from philolog)-, by reference lo the subjects 
which they trcai. Or we express the cJcgrce of coniplcicncäs, that is, 
the sphere of the validity of a scientific csposilion, by the phrases 
'descriptive' and 'explanatory science'. Or, again, we say that physics 
and chemistry stand to physical and chemical technology as theory 
practice. And «c speak further of inductivo and deductive sciencea,- 
the former characterised by progress from particular to general, the 
latter by that from general to jurticular. 

Mtiat ol these prindple.s of classification may be used to dwtinguixh 
pnychology from the iither sdenoes. Psychology is in<3ucli*-e, for 
hntancr^ while mathematics is dedwctive; it stands to pc(l;igi>gy as 
theory to practice; it '\% »till in the main descriptive, as compared with 
the 'exact' sciences, which xk pnr txetlhnc* cxplanatoty. The only 
principle of delimita^on which cannot possibly be employed is that 
of the subject treated. The reason is, that there is no single fact of 
experience which cannot be made the subject of psychological invcs- 
tigatioD. Now since all the other rubrics specify the form and not 
the matter of the scientific work which they cover, and since the 
relation of psychology to natural science cannot be subsumed to any one 
of them in pariiailar, it is clear that we must look for the distinctive 
duracier of psychological subjec1>mattcr not in the peculiar nature 
of a definite class of experiential facis, but rather in some property 
which attaches lo alt alike. This property is the 4eptnitney offaett of 
txptritntt upon t.xptriencing inJiviiiaa/s. 

4. We often exprcia this by ü;iying that psychology b a science of 
'psychical* facts, (acts of 'consciousness', or that the facts of psycho!- 
Ogy ttre 'subjective*. Such phrases are one and all misle.iding. 
Thus »-c may begin by restricting the term 'subjective' to the \-isual 
image of our own body; in which case everything else that is visible 
in ^>acc is objective. Or, going further, we may apply the term 
excltisi%'cly lo states which cannot by any possibility be objecti- 
fied, and which constitute an altogether peculiar department of psy. 
chology, such a» thought, feelings of pleasure und pain, etc. In 
eJthcT case the object of psychological inquiry is wrongly or inade- 
quately specified. In the same way, the word 'psychical' may be 
taken, in the light of certain wclt-known metaphysical doctrines, to 
denote a reality, entirely separable as suc^ from the ' physical ' pro- 
cesses. And the tena 'consciousness' ts equally ambiguous: it may 
mean simply what is experienced, it may mean our knowledge of that 
expesieooe, or it may mesa a state to which mental realities, 
otherwise unconscious, may som^ow attain. Wherever in what fol- 
lows we employ these equivocal expressions for the sake of brevity or 
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mriMy, «« neaa to indicate by them simpt)' that {>art or aspect of 
the experiential lact which is dependent upoo the expericncuig iodi- 
vidnaL 'Subjectif«' or 'subjecliäed' processes, fads of ' conscious- 
OBH,' 'psychical* or 'mental' states will mean for ua no more 
than thä; and 'consciousness' itself, or 'mind', will !q our 
tenoinology merely denote the mm total or »n these particular phe- 
iiofaefta- We shall nowhere discuss anything like a 'transcendental 
consdousness', a 'substantial toul', or an 'immaterial .tpiiit'. 

J, Bui oor definition of psychology as a science of the tacts of 
«ipoience in their dependency upon experiencing individuals is not 
ahogetfacr satisfactory, Tlic term 'individual' is used in so nony 
different seiset that it itself requires discussion and dc6nition. It 
might seem at ßrd «ight as though we were speaking of a psyrhica) 
lodindual, and underetanding by the phrase cither a transcendent 
Immaicnal stüistaiice (soul or ^irit) or a whole number of experiences 
axA capaäties that are ordinarily subjectified (feeling, attention, imag- 
inatioa, etc.)- But we cannot, as a matter of fact, accept cither of 
Ütese interpretations. On the first no empirical psychology, on the 
second no scientific psychokig? is possible. — The latter statement requites 
sctoc explanation; the ftHiner is self evident. 

--~df psychology is to be scientific, its statements most possess tmiversal 
validity, and particularly in the second of the two meanings which we 
attached to this phrase above. Now universal validity can only be 
obtained by a very complete description of the relations which hold 
betvecQ separate fads, and determine their special character. But no 
ooe would say that a musical chord was adequately deßned by the 
statement that it was pleasant, or that it h:id drawn tlie hearer's 
attention to itsell. or that it had aülcd up the re mem brance of a 
cotsin scene or of a certain composition. And not only are such 
statements nnpcrfccl as definitions, but there is no hint, in any of 
d» ooBstilnents of our inner experience which arc named in them, 
of that rclatioa of dependency which we have made the difftuntio in 
our defiaitioa of psychology as a whole. Idea is not dependent upon 
«»otioo. nor eiDOtWD ' upcm idea; a change in one is not necessarily 
foilowed by a definite change tn the other. And ideas are not 
depoident solely tqxm one another; they come and go in our inner 
«iqwrieace very much at random; their interconnections are (or the 
nost part not due to mutual influence, but obviously follow a law 
iayosed upon them from without. Again, though the attention is 
<Rqoeiitly mentioned as one of the conditions of a subjective (psychi- 
cal) process, we muit remember, in the fimt place th.it it is only one 
cooditioo out of miuiy, and secondly that the use of the term, whose 



bievitf and intelligibility render it a convenient mode of description, 
does not exclude the holding or dinmetricaUy opposite views as to 
the real nature of the phenomenon indicated. And fiiialty it may be 
tuged, that the objects of psychological inquiry would never present 
th« advantages of mcssuiability and unequivocalncs«, pi^ssessed in so 
higb a degree by the objects investigated by natural science, if they 
could be brought into relation only with ^e psychical individual. 

6. Tliesc brief remarks must suffice for the present to justify our 
icjccdon of the most obvious inlcrprctation of the ' Lndividual' in our dcA- 
oitiOD. Wliat we mean by the word will, of course, be shown in detail 
ax tlie book progresses. But it is plain, even now, that the dependency 
of which wc aje thinking is a dependency upon tlie for^ann/iodivid- 
oal. No one has ever disputed its existence, except metaphysicians 
of a <:eitain school: but the mage of its validity has only become 
manifest as physiology and psychology have advanced. We know 
DOW that the hoillly processes whi ch stand in a direct functiaaal. relaticir>_ 

to our cxp erien t i; il facts take _^p la.ce in man exclui^ively in the hr^^, 

probably in tlic cercbial cortex. It is assumed tliat this dependency 
is always present, although in many cases its exL^tence is merely 
hypothetical. At the same time, we are prevented from regarding the 
lelation as temporally determined, that is, as causal, by two reasoiuf 
the facts do not require any such theory for their explanation, and 
tlie physical law of the conservation of energy appears to contradict 
it. Ptychologisls to-day are, therefore, accustomed to speak of a 
paralUlUm of psychical and cerebral processes; i.*^ the two are 
regarded as concomitant phenomena so related tliat any change upon 
the one side manifest» iLscIf in a iDorre.ii)onding change upon the other. 
This regulative principle b based upon experience, and we may ex 
that it will receive further confirmation from experience in the fu(i 
Whether in its metaphysical setting it be inlerprelcd as a principle 
the interaction of two substances (Dualism), or be thought to exprc^ 
the two aspects of the activity of a single being (Montun), — whether 
it be regarded as spiritualistic or materialistic, is sdcntiÜcally incIüTer* 
cnt. So that we, who represent an empirical psychology, may rightly 
diqwnsc with any discussion of these possibilities. 

7. But a dependency upon experiencing individuals may seem to 
imperil the universal validity of psychologj' and to increase the diffi- 
culty of the discovery of facts. However, indiviiikat dißtrtnctt arc 
always cunftonting u«, and are. important not only for tlie peychologbt, 
but also for the zoologist and anthropologist. They do not constitute 
any danger to science, except in cases where it cannot transcend the 
particular description of an isolated fact. Wherever tliey can be 
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apbiDcd by ao adequate spectlicatioD of conditions, they can be 
iniiily subsimted to gcnaal rules. Anatomy and physiology are not 
bmpcred hi the solution of their prablcnis by the Dombetless indi- 
■idual diffcicnces in musculsr stmcture, in ncrvoua excitability, in the 
dicitlatioD of the blood. And In the same way, th« &ct of personal 
diffciesces in t^ard to the .subjectified facts of experience does not 
pieseot any insuperable difficulty to ptychoJogy. 

Tbe second objection is more serious. What a man experiences 
himself, he rates as fact without any description; but be can never 
obuin moce than indirect access to llie experiences of otliers. The 
pqrchologtst can only acquire Lnowtedge of his neighbour's experiences 
bjr the aid of symbols, such as we have spoken of abo\'c; and the 
value of bis results depends upon the rorrcct use of these symbols on 
die one side, and the conect interpretation of them on the other. It 
it not given to every one cither to use or to inteq>ret correctly; and 
il foDows that the right psychological disposition and special practice 
«e indispensable both for observer and observed. The more difficult 
ilw symbob to intciprci, the more equivocal the result:— thiiik how 
(aid it is to understand tbe gestures of s person speaking a foreign 
hagiage, be tbetr meaning never so simple! Such an illustration 
thovs us how much hope there is of a ps^-chology of the lower 
asintals,— of the protoioa. Kevertlieless, this difEculty in theascertiun- 
aent of facts is not in itself an absolute preventive of scientific know- 
ledge- Language nuiy, to a certain extent, be checked by experiment; 
ud, BS a generally intcll^blc means of expression of the similar ex- 
poieoces ol different individual*, forms an extremely valuable aid to 
{sycbolDgical inijuiry. 

S. It is plain from vhat has been said that thc/mit/fiK of psycholc^ 

ä a very deßniie one: it is the adcq,uatc description of those properties 

■of ibe data of experience which arc dependent upon «xporiencing 

J tadWidoals. The experiences to be examined include not only states 

I'Vtiidi arc altogether individual and which have no objective reference, 

(-sacb as emotions, impulses, and the tike, but also facts which are, 

|BDdei certain aspects, independent of the individtml, and whidi may 

joentiy form the subject-matter of a natural science, such as the 

^oli^ecis of oar ideas, with their temporat and spatial relations. ' Sensible 

(jtnlitics* are regarded by the sdentist as subjev.-ttve processes, and 

^Ibelr description relegated to psychology. But the temporal and spatial 

and rdatioos of sensible objects are aUo mattere of subjective 

nience and estimation; we compare distances and directions, 

voaenta and vel<K-itiet, and contrast apparent magnitude and apparent 

with the real,— I.«., with magnitudes and durations objectively 



meaAired. So that while (t) alt tb«se pheaomcD» must be dcpkled 
in dctafl, that we may see what pcopert/ of oui rnqMneaces it precisely 
Is which indicates their dependency upon the ooipoieity of the 
experiencing subject, (2) the dependency ttaelf must also be made the 
object üf careful invetligation. t 

9. The psychotogisi understands by a ikeory precisely what ts meant 
by the term in ii.'ituiul flcteiice: the specification »f the conditions of 
tlte a{>pea[ance of a given phenotnenon. A theory of ]uycbical 
processes, in this senxe, may be altcinpled in two diäcrcnt ways, (i) 
We may resolve the more complex phenomena into their elements, 
iuid trac« the lav's which govern the formation of the compound 
Erom the simple. The procedure here is similar to the qualitalire 
and quantitative analysis of chemical method. It is especially useful 
in cases where psychology comes into connection with cognate and, 
in a certain sense, subordinate disciplines; «.g., in the ethical and 
osthetic judgments, (ii) But psychological theory may also consist in 
the proof of the dependency of mental phenomena upon certain bodily 
pioceMes. Now this proof is peculbily dillicult. In the first place 
we have no means of directly examining tlie interrelations of the two 
sett of Gurts, the psychical processes and tlie central ner\-ous cxdtations, 
during their course- It has sometimes been possible, after the removal 
by ojjeratton of a [»art of the skull, to note the parallelism of mas»- 
tnovemcnts of the brain and the appearance of sense-impressions, 
emotions, etc. But the vahic of such observations cannot be very 
grcsit, as long as the determination and dc&niio variation of the 
particular cerebral processes corresponding to particular mental acts 
TCniciin impossible. And secondly the physiology of the central nervous 
system has not as yet been able to formulate the mechanism of cerebral 
activiiy in physical and chemical terms. We know nothing of the 
real oaturc of nervous excElatiorL Tlie only thing done so far is the 
demonstration of areas of localbation !n the cerebral cortex, that is, 
the demarcation of spheres, within which tlie nervous processes that 
run parallel to definite subjexTtified experiences lake place. 

la It follows from thb that we arc not at present in a position 
to give a complete theory of p^chkal processes in the strict sense 
of the word. But w« have two means of anticipating or indicating 
the complete theory, without having recourse to dubious or premature 
hypothesis. (1) Wc may discover a relation between e.xpeiiences and 
certaia bodily processes which stand in a causal connection widi the 
tmknowQ excitations in the cerebral cortex and admit of detailed 
examinatioD. Rsycfaology investig-.Lte.t in this way the dependency of 
aensation upon stimulus, and tliat of voluntjiry and involuntary move- 
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loents upon will and fcding. Wc may not. of course, argue from 
the rebiioas o( tliue widely remote links in a chain of causation to 
the relation between the puuUcI processes. But at tea^ «-e are able 
lo pave tbo «ay in some sense for the theory proper; and that is no , 
onall adnatage. (z) The other mode of procedure is rather indica- 
tive ihaa antidpatocy. It consists in tlie introduction of general 
uucepts fbt mental states or capadlies,— memory, imaginatioa, men- 
tal düpantkm, etc.^— concepts which indicate our ignorance of tlieir 
actual conditions. ThcM expressions were formerly employed on the 
analogy of the ooacept of force in modem natuml sdcnce, lo desig- 
nate purely psychical dispositions oi faculties, to whose existence ori 
activity a particular experience might be referred. At the present 
day tbey serve simply as brief and intelligible egressions for the 
asknowD condittons of certain pecaliarides presented by single cxpe- 
neoccs or complexes of experiences. ^Iien wc come to deal with 
•eosations, for instance, we shall mention pracdce as one of the factor»^ 
mfluencing their discriminability. We shall not mean by ' practice ' a 
^Mcial psychical capadly, or even a new mental act, but merely a 
nmnbei oH ftoctaaet, not very exactly knuwn, whose effect Is to facll- 
ilale an operation whiih lias been frequently repealed. And, as we 
alial] sec later, the same holds in a certain sense of attention. 

II. We shall not deal in this book with animai ptyihology orwith 
t*cüü p^thohgf. Our material for the former would to-day be both 
scanty and unrefiabi«; though w« cannot doubt that there will arise 
io the future an independent sdence of zoopsychology, to which the 
psyidiology of man will bear the same relation as is borne by himiaa 
pbTiiology to the physiology of animals and plants. Sodal p^hology* 
mats of the menial phenomena dependent upon a commimity of 
individaals : it is already a special department of study, if not a folly 
developed sdence. But it is not diJScuh to see that the p^hologyi 
of the individual man, aa wc must in sUictaess term our own psy- 
dkology, forms the foundation both of animal and of social psychol- 
ogj. It must precede the former, because nothing bat an accurate 
knowledge of the relations between tlie processes of consciousness and 
expressive movements in man am give us any solid basis for anal- 
ogical Inferences from movements to psychical stales in animals: and I 
it mist precede the latter, because the mental processes dependent^ 
i^xiD communities of men are only reuUied in IndJvlduab and only' 
eiprcssed by tndividu;ds. Wc might, therefore, also term ottr own 
pfjrcbology gaeraJ p^h^cgy. 



INTRODUCTION. 

I 3- Methods and Aids of Psychology. 

1. The methods which psychology follows Id th« exantinatloa of 
ils subject-malter aic of tn-o kinds, dirtti and inditttl. IMrect methods 
aie applicable wherev-er an immediate apprehenuon and descriptioQ 
of the fads ucamined are possible. If we are investigating our own 
sensations of colour, for instance, we employ a direct method by 
immediately expencndng them and directly observing theii details. 
Iiidiicct methods are used, on the other hand, wherever it is necessary 
to infer the facts about which we wish to know from some group 
of symbols whidi repTe$ents them. Thus we follow an indirect methoc) 
when we appeal to memory or communication by language to give 
us knowledge of particutai experiences. It is eWdcnt that the direct 
methods arc greatly to be picfatrcd to th« mdirect. At the same 
time, psychology cannot dispense with the indirect, without reducing 
itself to the nothingness of a purely individual science. Wlicnever 
we attempt to study the mental processes of our fellow men, we are 
compelled to proceed by indirect methods. 

2. Each kind of method can be applied both objectively and pttrely 
nibjectivcly, since each can be used by outside inquirers as well as 
by tlie experiencing individual alone. If we term the immediate 
apprehension and description of mental processes 'inner perception' 
or 'introspection', the subjective form of the direct method may be 
named the itttrospttiivt mithed. Its objective form will be the ixptri- 
mtnlat m<thod, since its objccli^■ity depends upon the employment of 
experiment. The indirect method may be similarly divided into a 
memorial mtt^od, which is subjective, and a Imguuik mtfhod. whkh 
is objective. The tn-o objective methods can ne^-er be applied apart 
from the corresponding subjective methods, though the convene 
procedture is quite possible. Experiment without inirotpeciion is ^ 

I more than a plaything borrowed from phyn^ :uid language without , 
meraoiy is bat a sound without sense. Language checks, strengthens, 
and fixes memory, just as experiment increases the reliability and 
generalises the ngntficancc of inlrospeclion. — We must to9k at the 
ttature and range of these methods somewhat carefully. 

I. Direct Methods. 



3- (a) The inlrotptelivt mtikod is the simplest and most obvious of 
■U. It is common to science and to the ordinary self-observation of 
practical life- But intiospectioD can only be made a useful piycholog- 
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iral method if it is employed under special and favoiicabi« conditions. 
(i) Foiemost among these is tlie state of allentiou. We understand 
here by this lerai that condilicm of mental proceSM:! in which tliey 
possess a peculiar vividness, duration, di^inctncss, assocUbiiily, and 
rcproductivity. Its importance in the examination of mental phc 
tuimetia by the introspective method, then, needs no prooT. We mi 
only be careful to insure ihc direction of the attontioi) upon these 
phenomena, and not upon their introspection, «s otherwis« the aim 
of th« method is frusOaied. oi at least seriously diverted. The 
intentional self-observalioa recommended in various psychologies 
paOoosly near lu sudi a dixtordon of method. It is really simpi 
S UncBlion of 'atleativcjy experiencing;' a mental process. We may 
note the advantage accruing to the method from the lact that die.^ 
atteniitm can be concentrated exclusively or at least preponderantly 
vpoa paitictilar sides and aspects of an experience, and so bring them 
into higher rdief. (?) The other condition of methodically condtictcd 
tntrv«pection is imfiorttaJifr as icgaids the facts. Even in natural • 
science the inresdgator b apt to sec what he desires to see; and this 
tendency te Ear greater and for more dai^erous when the processes 
obocTved an subjective. If we approach the examination of conscious- 
aeaa with mote or less definite expectations of what we shall find^H 
«4telber these are theoretical or based upon a preliminary induction,^^| 
WE may depart very widely from actual (act. The only preventive. 
apon bota a checking of introspection by experiment, is an extremely 
caicfal self-observation. 

4. Introspection or attentive experience only becomes scicntificalty 
valuable «hen \ description of its contents has been given. It is, 
therciore. necessary— we shaD discuss the point more in detail when 
we come to deal with die linguistic method— that a system of intelli- 
^ble aod dehcatc symbols be built up, to meet this reqnireiacnt of 
dcacriptioo as adequately as possible. And here again we obtain most 
aniftaooe 60m a right direction and concentration of the atteotion. 
We have Men that in the condition of attention the various conscious 
pbcnocDeoa are readily associable and easily reproduceahle ; and it 
<:loaity (oOows that the linguistic symbols, visual or auditory, wliich 
constiute a description, will be called up with especial fiLcility aiMl 
eompletene« by mental processes attentively expcriencQjjjKit it is 
alio dear that we are here, too, running a peculiar risk, — the risk 
of sibstitnttng for the (acts cut-and-dried linguistic formulae, whidi.as 
it were, offer themselves for reproduction when the facts arc presented. 
The description of an impartial observer must be altogclhcr determined 
by hn experiences. And it is a sesioias drawback to the introspective 
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method that it is not a tnistworthy guide to IhU goal. Tt; as be 
will, it is hardly possible for the observer to nullify all the subjective 
tendencies wliich liinder his total self>sunender to the facts. To wliich 
wc must add the further objectioos, that introspection is unable of 
itself to erect a theory of psychical processes, and that its results are 
a|>t to appear fortuitous and discoooected. Ncvctthclcss, the method 
fbnns the basis of all Üic others, and is at the prpscnt day in many 
cases the only one which is directly applicable. 

5. (£} T%* fAfitrimtnia! mt/ioJ. — Experiment can no more take the 
place of introspection in psychology than it can that of observation in 
physics. It is only able, as it is only intended, to supplement the 
previous method, by filling up the gaps which remain when introspection 
i% employed alone, by checking its descriptions, and by mailing it 
generally mote reliable. The method is qualified for this task by six 
peculiar advantages. (l) It renders possible a /ttquenl repelilion of 
the process which is to be described. Psychical slates arc so transient 
and so complicated that a number of observations of the same phe- 
nomenoo is the prerequisite of any exact analysis. The description 
beconaes with repetition concrete and assured. One of the reasons 
for the stagnation of the older psychology' was iis over-hasty genoal- 
isation of ubscirations based simply upon introspection, memory, and 
report. So that cJcperimeiit helps us to ascertain what the facts of 
mind really are. (2} Experimental appliances enable u« to vary par- 
ticular constituents of the process under exam.ination itparattiy. With» 
out tliis variation of details it is impossible to show the significance 
of the single factors and phases of a psychical event, and to establish 
their uniformities- It is our only means, for example, of informing 
ourselves about the temporal and spatial constituents of a perception, 
as distinct from its quality or intensity. And it is this property of 
experiment which the natural sciences have availed themselves of with 
such brilliant success. Here also, then, experiment goes deeper and 
extends fijrthcr than introspection, with its liability to mistake, is able 
to do. Our knowledge of the &cts is considerably enlarged, and tlie 
fiat steps taken toward their theoretical explanation. 

6. (3) The ends of theory can be most effecUvdy subserved by 
the discovery of rtiaiiom of dtpenJenty between stimuli and the psydit- 
cal process« which they evoke, or between subjective phenomena and 
the bodily moreroents which tliey occasion. Stimuli stand in causal 
oonoeclioa with nervous excitatjotis, up to and incUiding the centra) 
processes, and the bodily movements which we see arc the result of 
central innenations. Wc thus obtain functional relations between 
remote links in the chain, which may be expressed in the form of 
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laws, although the)- ate not always simple and unequivocal. {4) And 
this leads ua to anothci advantage of the cxpciimcDial method. I( 
we can prove these rdaiJons of dependency bctv'ocn subjective aod 
uti}c<ti\-e proceaaea, the latter will fumish tis with a m*asurt, — a 
pennuient and leprodnceable expression,— of the psychical. The 
v-aloc of such a tseasute becomes manifest as soon as ever wc inatltole 
a comparäon with the older paychologj: whoM fitateaenls were 
other CO general tliat they covered all degrees of individual variatioD, 
or made no claim at all to unlveisd validity. If we find to-day, by 
the expcfimcntal method, any divergence in the relations between 
ol^ective phenomena and the subjective reaction of particular pereons, 
we know wticie to look for the reason of the Irr^ulanty, and c.-in 
nfet the individual differences to their condition», and tlius bnng 
tbent vithin the domain of sdenoe. In other words, the universal 
«abdity of psychological results is guaranteed by the mcasurability of 
mental phenomena, and mcasurability is assured by tlte experimental 
method. 

7. (s) Experiment, again, supplies as with a mCHRS of securing the 
most (at'ourabic düpoüiion &/ lAi *xp<rwuing individuaS. W« have 
•Irettdy mentiwicd atti^tion and imp^jfliali^ as the conditions of all 
OKfiil intTD^Mtction. But introspection itself did not provide us with 
meaas for the 6iliilmenl of ttiese condiiioas, or for llie estimation of 
their better or worse realitätion in a give» case. Oo the other hand. 
it b pcifectly ea^ to ^nnnge an experiment in such 3 «ray that the 
. obserrer remains wholly in thu dark with regard to the valiK or 
I cone c tnc » of bis reports, and therefore has nothing but his experience 
to rdy upon, while he is beyond the rcadi of influence by definite 
expectation of desired results. And it is equally easy to show, by tlie 
belp of suitahtc experiments, what aheralioa in result is produced by 
1 soich expectattoD, or in general by any predisposition of the observer. 
UoreovcT, a numerical comparison of the separate reports funiLihes 
IS with a quantitati^'C dctermioation of errors or influences, vhose 
opaaiion had escaped the observer's notice. So thiit die advantage 
«j* the expcrimenla! method here is, tliat it aids us, as it «-eie, to 
(force that dispotätion in the observer which is most fa^-ourable for our 
impose, and acquiiints us witli all Üie influences and variations to 
which it is lidbte.^ This is sufGcicnt to prove the injustice of a reproach 
often made to the experimental method, — the reproach that it posits 
■D abnormal attimde. an unnatoial mood, on the part of the observer. 
For, in the first place, the method gives ua our only safe criteriiiii 
of notmaJ and abootmal; while, seondly, there is not the shadow of 
2 tcasoQ ibr thus roundly temiag the drctmistances fa^-ourablc fe>r an 
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übservation 'abnormar. (6) Lastly, experiinent ha» btought about a 
(ommunity of pty<k«logUal wofi sucli as was previously impossible. 
This advantage has come with the obser^'ation of facts under rigidly 
definite conditions which can be reproduced by any and every 
investigator. Each psychologist can now enter into the method:« and 
results of his colleagues, confirming or correcting; and so the stream 
of scientific knowledge flows steadily on. We sliall soon give vp 
speaking of ' the psychology' of this or that author as an individual 
[system, and shall talk only of "psychology' as a science resting on 
firm foundations, whose superstructure is so planned that the new fits 
in easily and harmoniously with what is already established. 

8. Of the range of the experimental method in psychology we can 
say nothing more definite than that it is applicable in all cases where 
psychical processes stand in uuifonu relation to external bodily processes. 
Such a relation obtains, of course, not only between sensations and 
the stimuli which occasion them, but also between feeling iind will 
and the movements of limb or feature, or the changes of circulation 
and reqiiiation, which they produce; although the latter dependency 
hat not as yet been so elaborately and successfully examined and 
formulated as has the former. But more than this: wc have a nuinbet 
of ingenious devices for the espetimcntal investigation of the connections 
of mental processes with one another. So that in principle there is 
no topic of psyc}iol<'>giciü inquiry which cannot be approached by the 
expcrimcnlal method. And experimental psychology is, thercfOTC, 
fully witliin its rights when it claims to be the general psychology of 
which we propose to treat (§ i. ii). If we compare the scanty 
harvest of facts reaped before the application of experiment in all the 
fields now open to experimental inquiry with the rich and steadily 
increJLsing store of laws and observations garnered since the experimental 
method has been followed, we cannot hut look fora'ard with hopeful 
anticipations to the time when tlie advantages of this most potent 
instrument shall be secured to every department of empirical psychology. 

II. Indirect Method». 



9. (a) The mtmenai mttkod is one of very frequent application (n 
.psychology, owing to the transitorincss of psychical phenomena. By 
'EMinofy' wc understand here not a group of reproduced ideas or 
othet mental processes, not. that is, tlie return to life of previous 
experiences, but a description or awareness of earlier experiences based 
upon certain present mental states. The conscious processes now 
, present obviously serve as mere syiabols of other processes previously 
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present For instanc«, our memory of a considerable period of time 
does not enable lu to lejiroduce that time with even approximate 
Kcvacy: we lathcr infer the length of the interval from the nature 
of the oonsciotH processes now involved in our memoiy of it. In the 
mnc way, when wc compare the intensity of a loud noise which we 
have just heard with that of another similar noise heard before, there 
is no recurrence of the latter in its original strength; we know how 
loud it was by certain indications afforded by the memoty.~We are 
at present interested in memory, then, not as a psycliological process, 
but as a means to the ascettaioment of psychological processes. 

to. The utility of the memorial method depends upon the reliability 
of tbe symbols from which we have to infer the various kinds of 
mental occurrences. It is hardly poosible to give general rules for its 
nse. Atlemlion and impartiality are as necessary to a right conclusion 
here as they were in introspection. Concentration of the attention 
ce men ts the union between symbol and symbolized at its inception, 
aod keeps it firm and dcßnitc a^iwards. And if introspection may 
be invalidated by the influence of extraneous suggestions, the danger 
is very much greater with memory, where the application of any direct 
check is usually impossible. Secondly, 'Ca,^ <kei(t of appropriate tymhoU 
is inpoTtanL To a certain extent this is dependent upon the individual. 
Attention to it enables us to formulate a true memorial method, seT%-icc' 
able Ear p^faological ends. For it is plain that our knowledge of 
previoas experiences may be built up from the most various indications. 
Now it is the business of the psychologist to discover the ^gnificancc 
of all thoe, and to estimate the value of results obtainable from the 
cmploymeDl of any one in particular. The matter is one of especial 
importaace when we are comparing succi^sive conscious processes, 
since in such cases the experimeiiuil method must be combined with 
the memorial. Thus, we overestimate in memory sounds which arc 
'teniflcally ' loud, and underestimate weights which are 'surprisingly' 
small. Clearly, to ensure uniformity of experimental conditions, these 
sovrccs of error must be as far as possible eliminated. — But when ail 
is said, the memorial method remain.^ purely subjective, and consequently 
veiy defective- It can only be raised to scientific importance by the 
employment ol a system of intelligible and familiar symbols. Language 
furnishes the system required. So that it b only as related to language 
that memory becomes an objective psjThological method, valid beyond 
the narrow limits of individual experience. 

1 1. (S) Tit linguistic mttkod. — Of all the symbols «hkh have been 
employed in the service of description, those of language are the most 
widely diflfuscd and the most highly valued. There are tluee principal 
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(casoiu (or this exceptional position of tao$uage: (t) Its flexibilil}' and 
wesilth of distincliofis ; (2) its constancy and accumc)*; and (3) the 
ease snd lapidity of communic-ation through itschanneL Tlie advantages 
offdcd by it are naturally only relative: we may ccitially well regard 
these three rubrics as covering three distinct problems, which must be 
solved in the correct use of words. 

(1) By the fi*xibiiUy of language we mean its adaptabili^ to the 
description o\ the mosl diverse (acts, and its adequacy to ttie finest 
distinctions which they present. It is to be noted in this connection 
that new symbols or new combinations of the old can wry readily 
be added to our ciuicni slock of »ords and phrases. Wc need hardly 
spend time upon the discus»on of the advantage of this property of 
language for the psychologist ; the fidelity and completeness of his 
depiction is evidently in very largo measure dependent upon it. But 
just because it is so important we must insist that he makes exceed- 
ingly careful use of it. Tlie ex{)erimenting psychologist in particular 
should have this brought home to him, — md that his description of 
results may be a» detailed and cumpcehensire as possible. We 
may lay it down as a geneia) rule that the larger his psychological 
^-ocabulary, the more extensive his psychological knowledge, the bettet 
equipped is he for his task. Individual« who are entirely uni.-erKed 
in the expression of experience in language can be used in but few 
psychological investigatioDS, and those of minor importance. — The 
flexibility of language is essentially due to its diptndtnty up^n lit 
toiU of the indiWdual. The movements which subserve speaking aitd 
writing may be directed and varied at will. Their form and conleau 
will, therefore, be regulated by the needs of the moment, for the 
most adequate expression of tlve lads which tiiey are to describe. 
Nevertheless, there is one diBtculty that we cannot hope entirely to 
overcome evrai by th« most accurate use of our symbols: we cannot 
do complete justice to the continuity of the inner experience and its 
changes. Language i* discrete. This is 009 reaton why it is necessary, 
in psychological experiments, to collect a large number of judgments 
or reports. 

13. (3) By the constaney of language we mean its indq[>endencc of 
time. Of the subjective memorial method wc may .tay in general that its 
trustworthiness is invcrecly proportional to the length of time which 
has elapsed between the occurresKC of the original conscious states 
and that of the present processes which constitute our memory of them. 
The linguistic method is exempt from dus variability; both »vmbol 
and meaning of symbol can be stereotyped. And thb constancy 
secures the atamey of langna^, an exact correspondeDce between the 
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lyubol aod Oie 3)inbotize(I. We aie all Tamiliar with the advantagts 
iccning to scientific dcKription from the luc of dcfiniiions. Logical 
rote» eiuurc the permanence of these, — while dictionaries and ency- 
clopccdiw protect the meaning« of particutai symbols from oblivion. 

The giurnnlte of these methodological advantages is afforded by 
the t9iutan<y of the torilUn thataeltr. So that the best way of pt»erving 
Bitrospcctive and memorial contents is to reproduce them in the visual 
figures which everyone uses and undeisiands. 

(j) The <^ and rapid tommtmkabihty of linguistic symbols is an 
idvantagc which we owe to the prartual nttdt of human inien^mn*. 
Mental processes arc quick to disappear and quick to change, and the 
•ccotmt must keep pace with the fads. Besides which, out constant 
pnctice In the use of UngnistJc symbols gives us a kind of automatic 
«ccuracy in tlie right puttiitfc-together of words, while our attention 
i«niains directed with practical exdasiveDcas upon the ex]wrienccs. 
We bequenlly increase this faciUty of expression still luithcr, by 
^(reeing to use simple or abbreviated symbols for certain classes ol 
Judgment: but it is to the interest of psychology to see that this 
prooedure does not reduce the record of results to a mere schema, 
as it easily may. For, (i) the withdrawal of the attention from the 
record may lead to its partial withdrawal from the experience; and 
ennui ia a fertile source of error. And (ii) it is inevitable that the 
cooscions phenomena present be more complex than tlic procosMS 
which we are especially studying,— that ihey contain more than it is 
OUT primary- intention to report upon. But vc may require of the 
professional p^chologist that he devote a certain interest (o these 
teoondaiy phenomena, and note them in his written record. Simple 
experiments upon just noticeable stimulus-differences, for instance, 
gi«-e us many valuable hints with regard to the association of ideas, 
psychological basis of the judgment of comparison, etc. Looked 
from this point of Wgw, the simi^cst experiments become attractive 
(0 the student and fruitful for the sdence. 
AU Uiete methods, die direct and the indirect, the snbjectiv'e and 
objective, caa be best employed in combination, each serving to 
lement and dteck tlie others. Thehr individual importance and 
we shall discuss in greater detail later on. The cxpciuucntaJ 
method has bad an especially rapid growlh, and is now dÜTerentiated 
into a whole number of separate sob-methods. 

13. We are able in certain cases to supplement the knowlctlge 
derived from the foiu psycbolo^icat methods, — the introspective, 
memorial, linguistic, and experimental,— by atsistantt frvm un'/Aeu/. 
I'atholugical changes in the mental constitutJon, the facts of mental 
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devetopmest, and the products of the various mental activities, all 
iifiunish aome aid to the psycholtigical inquirer. It need hardly be 
FemphasEzed that this assistanoe b never more than sccondaiy. For 
the beginnings and foundatioD. of our knowledge of the facts and 
lelations of consciousness we naust always have recourse to the fotu 
nethods, and in purticu!»t to a trained and adequately checked 
introspection. It is but very rarely cither necessary or practicable to 
obtain from any of the three secondary sources infonnation which we 
could not have acquired in a more direct way. 

(i) Mtnial pathology b thfl most valuable of the extraneous aids. 
Just as current views of the [Aynological functions of certain portions 
of the brain and groups of nerve fibres are based upon patliological 
cases, in which the abrogation of special functions is correlated with 
the degeneration of special nervous areas, so our psychological analysis 
of complicated psychical processes and even more our knowledge of 
■ Üieir dependency upon particular bodily organs or processes are 
hnateTially furthered by tlie existence of certain diseases. When we 
I'tnovc our arm, for example, we can judge fairly accurately, witliin 
' certain limits, of the direction of the movement and of the altered 
position of tiie limb, even if our eyes are closed. What sensations 
Loomtitiiie tlic psychological basis of these judgments? Cutaneous, 
'muscular, tendinous and articular sensations are all involved in the 
ann>iiiovenicnt; and there is nothing in the nature of things to give 
uny one set a preference over the others. Pathological cases have 
p m swered the question for us, by showing that abrogation of the 
Eortancous sensations is not followed by any considciable impairment 
■■of the judgments of position and direction. And pathological phenom- 
ena of this kind arc useful to the psychologist wherever he is precluded 
bom eSccting a noimal variation of the separate constituents of a 
psychical complex, and wherever be is ins-estig-.iting the dependency 
of conscious processes upon the more centrally situated nervous 
excitations. The various derangements cA speech have given tis inval- 
uable assistance tn the determination of dependency-rcbtions ; and a 
case of deaf-mute-blindness, like that of Laura Briclgman, may be 
termed an experiment from the hand of nature herself. The great 
importance of such [>athoIugiail observations is plainly due to the 
fact that they enable us to distinguish operative factors from inoperative, 
or to compare mental defects with the anatomical abnoimalities revealed 
by autopsy. 

14. Hut it is useless to examine pathological states whose conditions 

and symptoms ate not so clear and unmistakable, in the hope o( 

keaching any definite result. The best illustration is, perhaps, afiorded 
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\tj recent experimenls m hypnotism. Hypnotüm has beea strongly 
iecomincnd«d of Ute to the ootice of psjdwlogists. But apart from 
the danger to the mbject which come« whb lepeated hyimotisation. 
however careful the method of induction, very many of the experi- 
mental rexalts are rendacd precarioua by the scantinen of our know- 
ledge of the slate of consdouaness in hypnosis. It would be foolish 
to deny that a good deal of intcreAing infomiation has been gained by 
the help of intra- hypnotic and post-hypnotic suggestion; but it it 
almost entirely information with regard to curious po«-cn and pafonn- 
asces, such as would normaUy be found in but a few individual 
cases. — In the game way, u-c shall rarely have occasion to refer to 
other artificially induced alterations of tlie normal consciousness, the 
mealal result of indulgence in narcotics, etc. It may be conßdcntly 
niwfiHil of these and similar conditions, that they arc rather them- 
selves problems demanding explanation, than the source of any increased 
knowledge of general psydiology. The same holds of what are 
caUcd 'mental diseases'. It seems more likely, as things arc, that 
gCDcnl psychology may be able to throw some light upon ihcir rise, 
development, and causes, than that their study will afford any material 
aid to the student of psychology. The insane are usually incapable 
of introspection in the scientific sense. 

15. (s) Assistance may be gained, further, from the study of 
^tythegtnttit. We understand in the finit Instance by this term the 
science which deaU with the development of psychic^ phenomena in 
the human indiv-idual. It can ondoubtedly teach us something of the 
Ollgis of particular mental pcocetses; we need mention only thn origin 
of language, the devetopmcnt of memory, the formation of associa- 
tions. But ber^ again, we are met by the dilliculty thai there is no 
guarantee of trustworthy and properly directed introspection. Tbb 
nukes inquiry into the psychology of childhood as UQCortaio as is 
the poycholo^cal study of animals. And it will hardly be maintained 
that important contributions to any question of general psydiology 
have resulted from such inquiry. Nevertheless, it forms an iodispen»- 
abte su|>plcmcnt to our knowledge of the developed consciousness. 

(3) Psychology gains least of all from the consideration of mtnlai 
frvJitlivnt. Art, law, and language must primarily be regarded aa 
■nh^ects amenable to psychological interpretation and treatment, and 
only secondarily as matter totr the illustration of certain mental con« 
necüons or relations. We may perhaps find in the airaogeiaent of 
linguistic formx and phrases rules which hold for tlie asaocjatioo of 
ideas in thinking. Or th« artistic employment of the special senses 
and the repcoductive mechanism may help us (o express the urtiform- 
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iti«s oT rektion whidi obtain for the assodalion of scatations with 
one another and willi feelings. Bui no one of these mental products is 
either wboUy (leiiendcnt u^wn puycbological Eactors, or unequivo- 
cally referable to a particular psychical interconnection. And wc mus^ 
accordingly, be circumspect both in accepting and applying infonnaticMi 
denved from tliem. 

In this eMunenlioii of «xtcrnnl aid t, we luve nude no meciicn] of phytic* ov 

phytiolosy. The uiiituicc which th«sc trirnce; rendn to psycholc>f;y it rethn io- 

dinct than direct. — aaaittiuic« in Ihc obtainiag of piychological niamiiil. (4) We 

nuM h«va fhylital knowlcilge aori appsrslBü ir wc are to iastilutf piycholog^cal 

ixperimcau, aad aiiy advmice \a our unilmundiiig of the physical or chaucil 

eoBililio»« of sroHc pcrc(-|itioiui is of value for Lhrir piTclinl'igii-al InvotigatioQ; 

bul the t«>uU) ot pbykics »-« oot wnlributlons 10 psychology. (;) II is a little 

diffsreol with fkyiütlegy. The physiology of the sensc^i^aas geoerally irekts of 

KnutloDs anil pccceptioni. lail (lie physinlo^y of the centra] oigini, of mental 

fttocllool. AbiI io wc »Ilea und physioKigisii legatdmg psychology at ncrdy • 

tdepftrtiDtot of phy^logy. This viiw is huxA iijKin as epiatemologioil ciror. 

IPhpioloey doM not deal with eipeilences in Iheii ilc^iendcocy upoQ llie individu- 

Ml( who cipcricDce (hem, bul with vitil phenomena which nianifetl tbcnuelves to 

^«ui petoeplioD aad which arc dependent upon one another and upon thdr enn* 

roDOicnt. But the piychicsl proceuei which accompaiiy certain of ihuc arc vnloable 

to the phytiolnuist aa imliralions of the presence of bodily ümctiont. They ar^ 

therefore, nol the strict object of his inquiry, bul directions with regaid to that 

k^«bjcct. There nccordinE'y eiliU a *ery close lelatioo between psychology and 

L M oertaia poniDii of phyiiotogy: and similar tcndendes and obtervations nreiipp»- 

rently to be foimd in both. But a cIoKr ciaminalian leaves do room for doubt 

that the ultimate um and end of ihc two sciences are attogether dtfTcreiil. Never- 

theleis, in the interest of piychological ptogiets, it Is desirable (bat, while Ibe 

fnodamenUl tepaialencis of theii spheits is recognised, there miy still be ici Ae 

futtWE at much physiologiül research that am be tunied to psychological ao- 

«nmt, as there has been in the put. The small number of psycholo^cal laboiv 

lorici reodett thin oei^hbuurly Maaittncc doubly welooroe. 

S 3. CiMstficaUoii and Lltcratnre of Psychology. 

I. It h»3 been ctuttomary ever sine« the days of Aristotle to 
classify the subject matter of psychology by grouping v:trious psychical 
processes together, as those, t.g., of knowing, feeling, and willing. 
Now the patticiilar processes belonging to these difTcrcDt groups are 
introspcctively all upon the same plane. It follows, therefore, that the 
principle of clasuScation was not derived from psychological investiga- 
tion in the strict sense, but was borrowed from ccrt^iin familiar results 
of mental activity oc modes of expression of menUil attitude: the 
knowledge which the mind has acquired by the aid of sense and 
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ludenandiBg, the action which it executes under the stimulus of 
deÖK ot resolve, etc. The classification itself is deßcient (or two 
nuow: the point of view is not consistent thiooghoui, and the same 
p^tUtal contenis may subserve or belong 10 one mental product as 
«cU as another. If we wish to avoid these mistakes, we must (i) first 
ol all subject the whole of conscious content to an exact analysis, and 
dettnnine the ultimate elements of which it is composed. (2) We 
nasi Ihen &nd a means of arranging these {»ychologically equivalent 
dcaunts in a series, — and this we can only do, with the view which 
«e hold of psychology, by discrifninating between the relations in 
■iid lh«y stand to bodily processes, (j) That accumpliithed, we 
ttaU be able to classify the complex processes, by distinguishing the 
nodes of inteiconnccttoa of the dements in cunsciousntss. (4) And, 
^Bäy, we may miikc the State of consciousness itself — as pruent- 
*g difTerenccs of a general character, cognisable by introspection, 
■iltpendcnlly of the contents of the experience of the moment — the 
<it^ta of a special inquiry. It will be noticed that these four rubrics 
hwe a strictly psychological significance; (>., that iliey are directions 
<iAer for the analysis of the subjective, or for its teterence to the 
('■PKal iodividnaL 

1- The iimpfitity which constitutes a psychical state an ultimate 

'''tMnt of ooitsciousncss is not, as in physics, a spatial indiviubiliQ^, 

t« tiKnly 3 simplicity of quality or contents. The simplest mcntaJ 

pDCcnes, therefore, are not comparable to physical atoms. The only 

aoalogoos elements in natural science are those of chemistry. Just ss 

<* Hakes no difference to t)ie nature of a chemical element whether 

'^ aolecules are a hun<lred or a thousand, so it is indifferent to a 

(■^Ucious quality how great an extension — to take tlic first illustration 

•1 comes — we predicate of it. And just as the chemical element 

* * certain substance that resists further analysis, so arc the simple 

^^Veua ot psychology exjieriences in which no parts are further 

4tifiguishable. Our instrument of psychological analysis is irttrüipec- 

l*^ atoDC or assisted by experiment. If a given c[>ntent which we 

<d 'gray' shows no noticeable differences of sliade, if its tons is 

cnfady uniform, we term it a simple conscious content. It follows 

■Im a Mmficttui psychical state can only be distinguished from a 

limpic process by our ability 10 perceive in it a number of separate 

smple states. A chord, tat instance, a compound clang containing a 

maBber of simple urtes, is s compound conscious state. Following 

Vundt's example, we shall make this difference the main principle of 

oar psychological classification. Psychology will then fall into two 

M^b parts: the first treating of the toiudeus tUawlt, aad the second 
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of the cennttlion of tkt tltmtnu. The number of chemical eleoflH 
is very small, and efforts arc naturally made to reduce it as fat^BlS" 
possible, — if it may be, to one. Tbc number of qualitatively dbtio- 
guühable conscious stales, on ibe other hand, is veiy large, and there 
is no reason for supposing tliat it can be diminished. The keener 
OUT psychological iwalysis, the more elements it finds lo observe. 
Finally, certain peculi^irttics n( slate or attitude may be predicated 
of consciousness as a whole. These may be observed alike in simple 
and complex contents, and may, therefore, properly be made the 
object of a special investigation. A third part of psychology will 
accordingly be concerned with the stau of tonseiousnisi. The 
prindpal subject of discuesioD in this part will be the state familiar 
to Ds as attention. 

3. Any fuithci classification of thcsimplcconsciousprocesses themselves 
baanst be based, as wo have said, upon characteristic differences among 
'the relations of dependency in which they stand to bodily processes. 

Applying this principle, we can distinguish two kinds of elemental}- 
psychical contenw. (1) The first class is characleriscd by the depend- 
ency of the qualities which compose it upon the e.'ccilation of quite 
definite peripheral (and probably central) nervous organs. These 
demcntaiy conscious contents we name itmaiions. The term 'sensa- 
tion', therefore, docs not denote a general mental capacity of reaction 
apon external impression«, — does not point to something above and 
beyond the separate experienced qualities, distinguishable from them 
as a particular consdous attitude, or what not,— but is simply the 
abstract generic name for a number of concrete elements which have 
Ih« specific character just mentioned. The simple conlent of a given 
•gray', that is, would be a sensation, since we know that its appear- 
Lance depends upon an excitation of the retina and of vari'ius central 
'oijans lying between the eye and the visual centre in the cerebral 
cortex. (2) The second clasit is characterised by the absence of any 
I determinable dependency of the quaUties composing it upon particular 
r-Cxlemal bodily organs: — of tlidc relation to central o^ans we can at 
present say noüiing definitely. Tliese qualities we term fetlings. For 
tnitL-uice, the pleasure which we take in a pure tone, not too loudly 
Struck, or tlie pleasure wliich we derive from a saturated colour, is a 
■ leeling; its patticulHr quality being determined neither by the sense- 
' organ nor by the specific excitations underlying the colour or the tone. 

4. On the other hand, any further classification within the second 
Lpait of psychology must be based, for the present at least, upon the 
rxesults obtained by introspection. Wo should suppose a priori that 

the mode of interconnection of simple contents would not always be 
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Ae Bine. And we can, as a malter of fact, distinguisli two ptincipal 
nedei: funon and toUigalion. The fonner Lt a more close and inti- 
ailc cooncctioii than the btter. Fusion occurs when th« connecting 
luUäet are Ihnwt more or less into the background by the total 
n^nssQO wfaich tesalts from their connection, — when, that is, all 
ot nodi^ of them lose in distinctness bv combination. The total 
iopmsioa itself may be, as it were, the resultant of a balance of 
^aliüo, or may be domioaied by one or more preponderant «te* 
atBb. A ümultaneom connection of tones may stand as a typical 
fiBaple of fu^on. Colligation occurs, on the other hand, when the 
«fsisabilily of tlie separate qualities is either unafTf^cted by combina- 
tioo, so that they retain their original independence, or ts actually 
»ctSKd. The fonnation of a single qualitative iinpreä<tion is in this 
taie moie or lets obstructed by the persistent individuality of the 
^auntaiy constituents. Simuhaneous colour contrast (the spatial 
Mnbioation of different colour sensations) may serve as a typical 
■ORaace of rolUgation. 

5- It b not necessary at this stage to go further into details of 
^■i^catton. But there is one otber point to which attention must 
•w cdled if we arc to avoid mbunderatanding of the character of the con- 
■•«» elements. Just as in n.tture the various elements never occur 
ibie^ absolutely out of connection, but alwaj's In physical or chemical 
mnWnationa with other elements, so the elementary phenomena of 
■'öd ate never found except in fusion or colligation with tbeli Ulu. 
Aad JQSt as natural science obtains its simple substances by analysis, 
•a «iDtt we employ the analysis of introspection to make out our 
dcmentary t]uatitic*L By help of the attention we may, it i» true, 
Wlgtct even the kss intensive elements to special invrstigntion or 
oUetvatkm; bat real isolation, — the actual experience of one single 
«mtioin, for instance,— can nervcr take place. We may think that 
•e have only heard a tone oi seen a colour, but a closer inquiry 
Aowa thai these were merely parts of a combination upon which the 
«Imtion was concentrated with peculiar force. 'Sensation' and 'feei- 
ng' are not, therefore, different experiences, in the strict sense, but 
Ac ramlia of a qualitative analynis of experience, of which we avail 
oonelves Cor scientific purposes. We cannot aiccrlain the uniformities 
of complex processes, without this preliminary analysis; and our ßrst 
tuk Is, accordii^ly, to examine separately every aspect or attribute 
^^»bkh Is at an obv{o<iB in the concrete mental state, 

^^1 Th« tripartite diTinon of mmtil acuities into thcne of ksowMGei ft«Iiiis. and 
^^p4M(r«i «bkb obtaioed coneocy in Ihe «ighttcntfa cFntiuy, is based upon the 
^^^djotectton (!) bctwe^ objeuin lUiei, refcnble to ntemal object», aad mbjectiTe 
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tt«tn, PEprcuivc «r tlie iMCtioa of Ihc reo, nnd (i), wlihln lh<q lut, between 
• mon (ttuivt »sd * mor« acUvc rcM:linn. These principles of clissificatioD 
were CKiueil by ■ ilrvlf^ioa Into hl|;h«r uid l(ywci faculties. Snch differences of 
M»n'tpn<nl wee« locritabl« at a lime vhcn (be exact coodltioiis of the drpendency 
of mental npciD bodily proceuei wetc itill nnknowB, and unasstsCcd intioipcctiaa 
wu Biikbte to eaubllih univcciatly valid TEiults by iti aoalyiis of the more 
«ntpki eoQtdotis piocaici. In pajticulai, it Kid □□! been diunvered that besides 
the ' fire KDset' we po^scn a aumbcr of lecsttiie bodily orsaas. wbidi conttibute 
nothlnit to our knowledge of the external wotid, and whose Benulioos canaot, 
iLcrcfoTe, be opposed to the finliop aa objective lo subjective. The dislincüoo 
of higher and lower faculties is obi-iously aliogelhn uiipsychological: piydiology 
«•res ootluae as Lo whether the elhiol and a-tthelic jud^cntt ai«rib« * higher 
vabie to thii conscious process or lo Ibnt. Itn introduction at a piiadple of 
daxüIictttioD is. however, very inlinmtely counectct with the depieciatioa of Ibe 
»auuous which characterised ui o^e and a philosophy of rationalisni. — Tbe tendency 
to divide np mental itain into subjective and obj.xIive has persisted to our owa 
day. It is the principal reason fur the customary grouping of ibü sensations 
mediated by the intenial otgacs of the body under the general name of 'common 
feeling'. The physiolugy of the sense-B »till mokes use of this objeclioiiable phrase. 
And we often hear, too, of tlie 'seme of feeling', a current eipicssiuD for 'touch* 
in ordiDAry conveniatioD. Nuw iucouve^ieDoet of terminology might be put up 
with iiCi theintclvM; but uobapplly Ibey arc apt to lead the investigator asliaf in 
tnethod, if they do not Und htm in error upon matters offact. While, again, if the 
only clauification ailmiltnl be thai of subjective and objective, psychology is altogether 
unable to cope with ceproductd «cnsations and ideas, the 'images* of memory 
wd fancy. — The principle of claudication which we have followed was introduced 
Into pnythology, as Is staled in the leat, by Wundl; we have only carried it a 
Utile farther than he has ilone. In (he hope that it will thus yield still better 
resnlti. It U Indicative ol the confusion which obtains in psycbuUigy even at the 
present day, that tbu principle has not yet succ««ded in gatning geuera) [ecuguition, 
Thnt W. Jantcs, in his recently pub!ishcJ/ViiKiji&i.i//Vyfi4o/oj'»' {i8go), — a work 
of large coaceplion and much origiu&Iily, — has argued from the (act that our men- 
tal life Hows on in a more or less conlinuoui stream of complex processes to the 
neoe«ity of beginning with these, and cot with simple conscious states which are 

|.|be products of an arti^dal analysis. But by parity of reasoning tbe chemist md. 

I^y^ddit and utronomcr would be obliged to begin tbe exposition of their 
■denoe* with a depiction of concrete pbecomena, instead of with mcchanlct or 
Moiehiomelry. 

6. It is peculiarly tlifficult to give a survey of the inost important 
psychological Utemittn. The science has for ccnttiries been dominated 
by philosophy, and has rcHcctcd all the many changes which meta- 
physics has undctigonc with the lapse of time. Even to-day psychol- 
^ts are not at one concerning the problems which they have to solve. 
It is Hue that the imton between philosophy and psychology has of 
late tended to become, more or less consciously, a union baaed rather 
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1^ die interest of partiaititt men than upon inherent relation $hi p. 
But the dcvelopineni of that division of laboui which is the one thing 
DKOttir for the soccesaful progress of psychology, proceeds very 
dnly. Wc may be agreed upon particulat expcnmcntai investigations, 
bai there is small indicatioii of a more general agreement as to prin- 
ce. It b. consequently, hardly possible to cite from the literature, 
«übam giving some characterisation, howcvci brief, of the standpoint 
rf the various works. And it is necessary foi the understanding of 
diSticaces, aa well as only just to the merits of the older psychoJo- 
P», that any such characterisation should be prefaced by a historical 
K(ioq>ect, showing the origin of views and tendencies. We can dis- 
IBgoah two main directions in modem psychölofiy; (he first of which, 
Aoqgh much the older, did not ceaso to exist when tlie second made 
to appearance. We may c^ it the dttcripiive anJ mtlaphyiieal äacc- 
iOQ, wliile the newer movement is exptrimenlal and f»y<hophysi(ai. 
Tbc former makes exclusive use of the iiitrospcclivc, memorial, and 
hngusiic methods; its detciijitions arc either purely individual or very 
lAsUacL The btter insists upon tlie u|)plir.-tticin of (he experimental 
■shod wherever it is possible, and :iiins at the establishment of 
K^ncol laws. Similarly, the theoiy of mcnKil phciiomcna etccted by 
the earlier school relics upon the assistance of metaphysics ; while the 
'■Ki one regards knowledge of the relations of dependency obtaining 
hOvecD the conscious and bodily (c^äpecialIy cerebral) processes as tlie 
<% inacticable road towards a real explanation of the facts of mind. 
7. Gcniian psychology before Herbart belongs entirely to the dc- 
Kriptin and metaphysical stage. Its principal exponent is Chtistiaa 
"«K To him is due the distinction between rational and empirical 
Wtbology, — the former principally concerned with the metaphysical 
fcUDdation, the latter with the description of the facts of psychology, 
Be also introduced the concept of mental faculty, not only as a 
pnociple of classification of psychical processes, but as a ground of 
c^Uaatioa. His successors devoted most of tlieir attention to empirical 
p^dulogy; and there arose in the second half of the eighteenth 
cntnty a whole series of treatises upon "Eif^thrungsseelcnlchrc", 
•bkb looked Upoii the description of interesting details as the principal 
la o( psychology. It may be said of all these works that they did 
tot establish a single psyd 10 logical uniformity of the concrete, i.€., 
KMOtific kind. They are chiefly filled with accounts of special cases, 
geoeial depictions, and hypothetical explanations. Nor did England 
and Fiance do any better. Their psychologists busied themselves, for 
the most part, witli psychological cpistcmology or the psychology ol 
knowledge: psydiotogy itself, that is, was only interesting for the 







INTRODUCTION. 



infonnalion \\ coold give of the process of knowledge, the formaticm' 
of concepts, of our idea» of cxtcraal objects, etc. That is why the asso- 
ciation of idess b the one phenomenon of importance which attracted 
the notice of English philosophers at the time. Psychology as an 
mdepcndcDt discipline had a comporativety late birth in England. 

8. Psychology being in this condition, wo can understand how it 
was that Kant driiied to it (ai he did to chemistry for similar reasons) 
the rank of a suicnre, and even attempted to demonstiatc Ihc inipos> 
sibility of it$ ever becoming one. You cannot apply mathematics to 
' conscious processes, he said, inii the only scientific part of a stud^ 
is its mathematics; nor can yon make experiments upon other peoples* 
minds. The removal of the former objection is one of the services 
rendered by Herbart to psychology. Herbart pointed out that psychical 
|diflnomeD3 vaiy not oiüy in time but in intensity, and that in virtue 
of diese two 'dimensions' they arc amenable to matbematicat treatment. 
His second great service is his annihilating criticism of tlie view that 
the specification of mental faculties and the reference of particular 
filets of consciousness to them wer« in any sense steps toward explanation. 
Nevertheless, the Herbartiaji psychology (Hailenslein's edition of th« 
Sämmllieht With, vols. v. and vi.) belongs to llic first of our two 
Bchoob, It is based entirely upon a metaphysical foundation. Ideas 
are the only real states of the simple mind, which by their means 
maintains its integrity as against other simple existences. When they 
appear in consciousness, they do so in the guise of forces, reinforcing 
or inhibiting one another. The results of Üiis interplay are changes 
in the intensit}' of mental contents. For these, Herbart has sketched 
the outlines of a statics and mechanics of mind, in which the Ideas 
(certain hypotheses being granted) function as mathematical quantities. 
But the laws to whidi this most ingenious construction leads ate purely 
theoretical, tiardly admilting of a]>]>lication to any case actually realised 
in experience; and tlic whole attempt was naturally tentative and 
crude- It was left to one «f Herbart's numerous disciples to bring 
the plan somewhat nearer completion (Drobisch : EnU Grundlfhrta Jtr 
maihtmatitihtn Ptytholegit, 1850). He himself was hut litücconccin«] 
with the accurate anal>'sis of subjectified experience, and his whole 
psychology stands and falls with his metaphysics. A far larger proportion 
of space is allotted to the discussion of empirical fads in certain of 
the most noteworthy works of the Herbartian sdiool, some of which 
have al.to laid stress upon the ünpottance of the relation of mental 
to bodily, especially nervous processes. These arc: 

H. W, DrobiKh, Empirittkt Ptytkolegir, I&4I, 

Th. W*iti, Ifhrbtith Jtr Piytkotegi* alt H^atnuAa/t, 1849. 
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W. V«lkiii>nB. trhrtmtk itr PtftM»gie, third tA-, i884-s;faiinlied.iQpiFpantioii. 
UStdnhal, EinUitmng im Üt PtychaiegU und Sfraehviaentehaft, vol. I., wcoiicl 
«i.tUi. 

VolkiDano's it th« fullest of the four. It embodies many of the 
imlli of expeninentat and physiological psychology, contains elaborate 
Unorical excursut, and gives numerous references to the literatuic. — 
A Kiy acute and suggestive book, written firom a standpoint sinoilai 
»ihlt of Hctbart, but expressly disclaiming any metaphysical parentage, 
» TV I-q>p8' Gmndtalincktn dts Stfltnltli(tit, 1883. The autlior haa 
T^y excluded physiology and psychophysics from his pages, though 
M upon ultimate theoretical giounds, and in place of them has 
nte free use of the uncooecious as a psychical value, without, 
bomer, attributing a metaphysical significance to it. He accepts the 
c^Ktisiental method, and utilises the results of expertmental inquiry. 

% Anoiher refonner of psychology, besides Herbart, was Beneke 
il^Uifgiickf Sh'iten, 1825-7; Lthrhuch der Psychologie als A'atur- 
tmaukafi, fourth ed., 1877). Beneke aimed at giving an empirical 
Korant oi the elements of mind, but found these not in qualitatively 
■iqrfe cDiisciou.s processes but in certain formal capacities, which be 
dbd 'loimal (acuities'. The unconscious looms as large in his pages 
a n Herban's, and his discussions are for the most part equally 
lliAQRtical, without showing an equal regard to exactness and logical 
colKieDce. His work was. therefore, rather stimulating than funda- 
atouL— The English («ycliology of this century is generally known 
a tbe 'associatkin ittyrhology', from its predominant interest in the 
pocOKS groaped under tlie rubric of * association of ideas '. It contains, 
lixeTcr, little more than descriptions of complex states. In iU most 
■etni form, it it strongly influenced by the doctrine of evolution, the 
•■»logy of physical and biolc^;ical difTerentation being carried directly 
ow to the domain of mental phenomena. The principal English 
(qtftologjsts and their «Titings arc as follows: 

Jam Mill, Analyiii 0/ Ihi Phenomtna of tiu Mu-tan Vitid, ifcnnd «U t!68. 
A. Bain, T%t Smtet aaj lAr Irttttlttt. tftj; uid Uter. 
Tht Ematiint and Sht Will, 1859 aiitl iMcr. 
H. Spracor, Tht Priiuiplti a/ Pijfdulojy, i8ss «"iJ l»!«- 

An entirely different line haa been taicn by F, Brentano: I^he- 
l>fü v&m trnpimthen SfitnJfiunit. vol. t., 1874. This author holds 
that the contents ot scnsc-perccplion are physical phenomena, while 
Kleatioo, judgment, and love and hate constitute the psychical pro- 
Sue^ a psychology— til ough we must remember that no more 
ftu an introduction has as yet been published— cannot be either 
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psychophysical or experimental; indeed, Brentano himself terms it 
dcsciiptive- And we can see that ideation is certainly not a 
special psychical activity, e^qierienced along with ideated contents, 
but a concept, which may cover processes of very difleienl 
kinds. Moreover, the simplicity of the other two classes is moie 
than doubtful. 

10. The experimental and psychophysical movement in psychology 
began in Germany about the middle of the present century. Hetbart 
bad ascribed to the body a threefold influence upon psychical states: 
il «cried 'pressure' upon them, it developed a 'resonance' concomi- 
tantly with the occurrence of certain mental excitations, and it co-oper- 
ated with the mind in action. But the thorough exploiting of the 
psychophysical principle be^n vith H. Lotzc and his brilliant work, 
the Mtdiiinhckt Psy<holegU {1B52). It is true that Lotze, following 
previous German usage, began his psychology with metaphysical 
prolegomena, and that he b still very far bom the thought of a 
universal psychophysical parallelism. But, nevertheless, he speaks 
without any circumlocution of the nervous conditions of psychical 
processes, and is happy in hypothesis, where knowledge of tlie fact» 
b not available. We need only mention his famous theory of local 
signs, which still possesses much more llian a historical interest. Al- 
though the emjiiricai portions of the work arc for the most part anti- 
quated, it may be strongly recommended to the student of to-day for 
its clearness, strictness of method, and suggestive manner. He should 
read with it the brief Outlines of Piychology (1881; dictated portions 
of lectures of a later period), which has seen several editions. — 
The deciding impulse to the expciimental movement was given 
by E. H. Weber, chiefly by his valuable article, TaiUinn und 
Gtmtingffülil (Wagner's HandtuSrUrbutk tur Physiologie, vol, üi., pt. 
3; also published separately, 1S51). This paper contains the first 
^tcmatic cspcrimcnts made in the psychology of the senses, and 
deduces from them a tmiformiiy of general validity. The experi- 
ments themselves were carried out and partly published twenty yoais 
eaiUer. 

11. But the actual foundations of an c:]q>eriinental psychology 
were laid by G. Th. Fec^ner, ^xhofta Elemenlt dtr Psychophysii {l^tio; 

iiecond ed-, 1S89) was an attempt to carry through in detail die idea 
of a functional relation between physical and psychical processes. 
Though the parüctilai mathematical form in which Fechner couched 
this relation is not now r^arded as universally valid or even as jios- 
sible of application to a complex of so many variables, we can liatilly 
overestimate his services to scientific psycliology. The concepts whicb 
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be i«roduced, the methods which he worked out in theory and ap- 
ificd m practice, his penelraiing discussion of the empirical material 
äxtüy gaibeied, and his vast eiuicbment of it by pcraoiial obaerv-a- 
Wi and ejpeiimeQt, combined to give an exlraordinary tini>etus to 
f^thojogical study. Of his later works we may mention the Revition 
4a Banptpmtklt Jtr Psythephysii (18S2), which stipplcments the £it- 
wntt, especially ujwu its method w logics I side. — Finally, the union 
oi äe cspcninent:il and psychophysical directions was cBcctcd by 
Vühetai Wundi, lets in his first important work, the VorUsungm Sin 

I iCeufin- und TkiinttU (1863; second ed., considerably altered, 1892; 

Efig.tis., 1894) than in the classical Grunäzügt dtt phyiiologiirMn l'iyekel<h 
fK(iS74 ; fourth ed., 1893). Wundi's combination of the two mo^^ements, 
ad Us comprehensive i^'scussJon of all psychical facts,— which it lay 
bq«od Fechncr's power to give, — have resulted in what is ordina- 
E^ Kimed 'modem psychology'. His great work has thus become 

, tbe test-book of the science, without having lost that individual 
dancter which such a book must present so long as we are referred 

I B bjpothcsis upon so many matters of detail, and views of the clas- 

I lifiabOB aitd presentation of psychological subject-matter remain so 

fimient. Wtmdt funhcr gave the most effective impulse to the 
■rnaiutic study of experimental psychology by bis foundation of the 

ile^M: labontony in 1879, and of the Pliihsophmki Studitn (an organ 
fiadpally intended for tbe publication of researches made there) 
01883. 
11 Id conclniioii we may enumerate certain quite recent works, 
■hue geneial character places them within tbe domain of tliis inodem 
I pydiology of which Wundt is the founder, however widely or radi- 
I oDf the detaik of qrstem and theory in any one may diifet trom those 
! to be found in the PkytiologUtiu Ptythologie or in the other books 

tifxn the list: 
IL Baffdtog, P^tAologit M tfmrisfen, 1887, secoad ed., 1893, la Gctnun. 
&fr tr», 1891. 
G. T. L»dd. ElatntU of PkytUUigital Psy<h<>logy, (88;. 
. PsjKholegy, Dtseriptive end Explaimtory, 181)4. ^^| 

G. Scrih La fsyihalogit fkysiolegi^ut, 188S, frotn the lUUon. ^^1 

W. J«an, The PHud fits of Psychology. 1890, ■ 

Tk. Zkhea, Z^t/adtn Jtr pkysM«gi$<heii Piychetagit, 1B91, «ecoad ed.. 1893. 
Ea^ tt, iS9i> >«coDd td., 1895. 
J. IL Batdvü), IlanJtect ef PiycholegXi 1891. M 

J. Sally, 7%r ffuMiaa Mind, 1S93. ^ 

The following periodicals are especially devoted to tbe interests ol 
this p»ycholcigiäl movement: 
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I^iUtaphiufu StudÜH, edited b; W. Wnndt, 1883 ff. 
?% Atnerüait Journal of Ptycholeg^, «dtted b; G. Stanlejr Hau, 1887 ff. 
ZeiUthrift für Pt^kologi* und Pkytiolagt* Mr Sinnttergam, edited bjr H. 
EbtHiigluHU ud A. König, 1890 ff. 

Tht Ptychalogüal Revieit, edited by J. U. Baldwin ud J. Uck. Ctttdl, 1894 C 

In the Üuee last will be found a critical digest of cunent litera- 
ture. 

Special works, dealing with particular departments of p^^ology, 
will be named in their apprc^uiate coimection at the end of each 
chapter. We mention only äie most important, or those which give 
full references to the literature of tfadi subject. 



PART T. THE ELEMENTS OF CON! 
Section I. Sensations. 
CauTER I. Tbe Analysis or Sehsatiov. 

§ 4. The Attributea of Sensation. Sensitivity and 

Sensible Discrimination. The Classification of 

Sensations. 



1. A sensation is a simple conscious process standing in a relatioD 
o* dependency to particular nervous organs, peripheral and central 
9 S- 3)- Bn' despite its qualitative nmplidt)', a sensation rn;iy be 
oompved with other sensations in respect of certain allributts which 
atudi to il. A given precsuic sensation, for instance, may be more 
vivid, noie lasting, and more extended, than another, though it is of 
tbe suae kind or quality. These attributes arc characlcrincd (i) by 
theü inaeparabili^ from tbe Sensation. Kvcry sensation of pressure 
possesses, over and above its spectlic content, a certain strength and 
a certain temporal and spatial character. Wc need not necessarily 
pay particulai attention to all the attributes in all cases; but they are 
never absent and can be noted and determined as circumstances 
TC(}iiire. [2) Further, the nullification of any of the attributes involves 
tfie disappearance or cwcaiion of the entire Bcnaaiion. A pressure 
■crmition which is uncxtcndcd, whose duration or intensity is zero, 
or bom which the quality is abstracted, simply ceases to be a pressure 
■eniaticin Sensation, that is, is not something (o which attributes 
a» added; it does not imply a substrate or substantial nucleus, upon 
or amaiid which they arc grouped. It follows, accordingly, that a 
coaq>lete description of the aiuibutes of sensation is equivalent to a 
caaq>tetc description of sensation. 

3. Applying this criterion to sensation, we have to predicate of it 
fccr attributes: quality, intensity, duration, and extension. Quality is 
fhe property which characterise» the simple consdous process as such. 
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and in this seitse may be r^arded as the most fundamental of aH. 
It distinguishes 'blue' horn 'red', 'sweet' from 'bitter', 'warm' from 
•cold'. The other nltributes all refer to it; intensity is the intensity 
of a certain quality, and so on. Iniensüy itself is the property of 
sensation which enables us to compare it with otheia in icsport of 
vividness; and dutaiion and txtension designate respectively its elementary 
L tempotat and spatial character. Thus a taste may be 'very sweet' or only 
Msweet'; a sensation of warmth may be of greater or less duration; 
Is 'blac' may be a blue of greatei oi less extension. In general, it 
may be said that all four attributes admit of isolated variation, so that 
wc can formulate their laws independently. Quality, however, is 
pccutiar in this respect. For alteration in quality means transition to 
new sensations; while if quality is left intact, and the other attributes 
arc altered, the sensation appear« to remain the same. This is another 
proof that quality is of the very essence of sensation. It represent» 
the solid foundation, so to speak, which underlies the variability of 
the other properties. When we come to ask how many sensations a 
sense-organ mediates, therefore, we shall simply Inquire as to the 
number of qualitatively different sensations. 

3. Not every sensation possesses all four attributes. Quality, of 
course, attaches to all alike; and duration, too, may be predicated of 
all. But extension belongs only to the visual and cutaneous sensa- 
tions. If we speak of the 'extension' ol tones, scents, or tastes, w« 
are either using the term allegorically, to express the magnitude of 
tlie effect which they have upon us, or employing it in a secondary 

Lwme, to indicate the spatial character of the objective conditions of 
Fthe sensations, or that of other sensations or ideas, visual or cutane- 
ous, which we associate with them. And intensity cannot be ascribed 
to sensations of sight, since any alteration or modification, whether 
of the intensity of the physical stimulus or of any other of the elements 
in the determination of sensible intensity, brings with it an alteration 
in quality, i.e., a transition (o new sensations. The proof of this 
roust come later (gg 17 If.); here we can do no more than note the 
fact. There is naturally no reason a priori why all the three attrib- 
utes should attach to every sensation, over and above its essential 
and diaracteristic quality. We must appeal to experience, to discover 
L whether variations in intensity, duration, and extension, occur in a 
particular case. As a matter of (act, cutaneous sensations form the 
only class which allows of isolated variation in all three directions, 

4. Our analysis of sensations must extend to all the attributes which 
arc capable of separate consideration. We must determine their quality, 
«ompaic their degrees of intensity, investigate their temporal and 
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i^Uttl chaiactemtics. The iastnunest ol this analj-sis waa denoniinated'J 
I7 PKhner ttatihlt dütrimination. We speak, therefore, of a ^ualitativt, 
wkiB3t, tjcuntiot, or ttmporal sensible dii^crimination, according to 
tb« attiibute which w« are subjectiag to analysis. It is impossible to 
tarn at an absolute dctennination of the various sensation attributes: 
ncotsse must always be had to their comparison with others. That 
i» to ay, our determinations of sensation can never be more than 
ttbäve: and this is whj- sensible discrimination, the capacity of the 
iaicrron^ianson of sensations, is oui sole instrument in the work of J 
u^Tsn. If we could obtain an exact account, in physical and 
Conical tenDS, of the nervous processes upon which wc suppose 
KMUioas to be directly dependent, cotr results could be made absolute, 
■>, TC could describe sensations independently of Üielr relations to 
oihei seasatkma. As it b, we find some compensation for our i^orance 
IB thb respect, in the relation of sensations, under their various attrib- 
ota, to the corresponding properties of stimuli. Such a relation 
pnctqipoaes, however, that the nervous exdtalions running parallel to 
KcisMioB stand in a wholly unequivocal causal connection with the 
Bltoal stimuli; and the facts give only an approximate veriücation 
d Ihii bypotliesis. The modification of particular excitations consequent 
^00 the state of the nervous tissue, — 'nervous excitability', as it is 
QlM,— and upon the influence of other simultaneous excitations, is 
)■ impoitant bctor in the determination of any dcfiMite parallel process. 
1%e tame stimulus may produce different central excitations, diScrcnt 
oiouili the same cen&al effect. So that, evidently, an objective \ 
Bwauiement of p^chical processes such as would allow of their 
tlulBte formulation in dctinitc terms is, at picscnt, out of the qucs- i 
ÜB. and could seldom be directly made in any case. Wc must, 
fctrfofc, have recourse in the first instance to introspection, in our 
Mtttpt to define our sensations. And we know that the results of 
«■InMpectioD must necessarily be relative, because the psychologist 
QUot refer Ids conscious processes to a standard of comparison, like 
** netre-rod of the sdcntist. If we arc trying to deierminc the 
<'<0cte&t noticeable shades of a colour, we must compare them with 
«* tnother or wih remembered colours; if we wish to fix the intensity 
^ > tooe-scosatioa, om only standard of reference is other tonc- 
»Blioia; if we attempt to describe the temporal or spatial character 
of 1 presRire sensation, we must hav« other pressure sensations with 
vbich it may be compared and contrasted. 

5. The phrasA 'sensible discrimination' must not be taken to denote 
a bcoUy of oomparison, in the »cnse of a peculiar conscious process 
alongside of the various contfints. It merely expresses, in the 
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fint tnstaaoe, the general ^t tbat we have diil'erent experiences and 
experience thetn difTcrentl}' ; in othei words, it covera the introspection 
ol dilTererit contents and the report of their diflerence. Ali the conditions 
which affect introspection in geneial will, therefore, affect sensible 
dttcTimination. But we also use the phrase to indicate our experience 
of bke content*, and our rqiort of Üiw likeness. Oui judgment of 
two colour sensations as lilce, i.e., our ascription to them of the same 
quality, is just as much a function of our sensible discrimination as is 
our judgment that they are diflcrcnt because they occupy different 
places.— Sensible discrimination, then, has so far given us very general 
results: when we judge that two conscious processes are 'Itlie' or 
'different', we bring them, as it were, under tlie most comprehensive 
laws 01 tliought slated by format logic, tlie laws of identity and 
contiadicüon. But the mere determination of difference, witliout any 
exact spccilication of it» nature and magnitude, would not take us 
vci)- far. We therefore employ the expetimental metliod to bring us 
to close quartets with the former question, and a number of special 
appliances (of which more later) to assist us to an answer to the 
latter. 

6. Our definition ofscnsible discrimination comprised two processes: 
the experiencing of contents, alii« or diflcrent, and the report of their 
Ukenesa or difference. The first of these is plainly the prerequisite 
of the second. But it is a question whether we may assume that the 
report in language (we may abstract here from other means of de- 
scription) is in every case a simple replica of the process experienced ; 
whether, that is, the two forms of sensible discrimination, the dirttt 
and the indirtcl, may be taken as always equivalent. It is a question 
whether wc may assume that l\tc Judgmtnl 'equal' may be invariably 
trusted to Tcflea equality of sensations, and juägmenU 'greater' 
and 'less' corresponding relations between sensations. An analogy 
will make this clcarci. Hclmholtz has lud it down that sensations 
are symbols from which üie student of nature infers the objective 
eüstencc of natural processes, and not copies of these processes. He 
cannot asert, therefore, that like sensations arc always the symbols 
of like objective facts, or that a particular difference in sensutioiu 
necessarily signifies a corresponding difference of physical or chemical 
processes. Now the linguistic symbols which the psychologist em- 
ploys might stand in a precisely similar relation to the (acts of 
experience, — might, that is to say, be equally untrustworthy as meiins 
for thrir expression. If this b really the case, the further quötion 
arises, whether the psychologist can hope for as large a measure of 
«ncceaa in his attempt to correct the errors of judgment as has lallen 
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to ibe lot oT ihe scicnliitt in »i> many phases of his struggle with the 
I diifiniy of appearance and reality in natuic. 

7. Now tliCTC can be no doubt that deceptions of judgment occur. 
W, Ihat llie contents of our knowledge of 3. given fact is not always 
tdeqvate to the nature of the fact iisclf. Not only do wc 'overlook' 
lUap in ordinary life, but we iire not seldom the victims of illufiloD, 
due to ih« incongruity between the direct and indirect sensible dis- 
atuiaation. Besides which, the discrete symbols of Linguagc ate 
tAen unable to cope with tlie continuity of mental occurrence (cf. §. 2. 1 1). 
And it happens to all of us quite frequently to halt for words which 
still do full jtBticc to an experience, and to end our description 
«hilc we ouixeKcs realise its insufücicncy. These difücultics wc can 
oTcicoaic very effectually by help of the citpcrimcniat method, which 
B precisely adapted to meet such cases (cf. § 2. 5, 6, 7). But they do 
Dot exhaust the list of possible incongruities between experience and 
dcso^tion of experience. For the relation of the latter to its original 
uy be subsumed lo a general psychological concept, usually spoken 
of as 'associatioa' ot 'leproduction': the linguistic symbols are 
"i^roduced' by Ihe sensations, whether they appear in consciousness 
ai visual ideas or auditory idea* or idea« of movement {i.t., of the 
moventcnts involved in s]>eal:ing or writing). But the various relations 
let up in thb way ciknnot, obviously, all be exactly alike. Some 
apnssions wilt be readily reproduced, othcis with difiiculiy; we have 
tn the liletature a wfaulc series of invcstig^itigns in which these diner- 
ences are dearly manifest. Motco\-cr, it is cxccmlingly qucstionable 
«hcthei any .-md every alteration in a sensation attribute can ndl up 
a corresponding judgment, or whether a certain amount iif difference 
must not be present before the reproduction of the phrase appropri- 
ate to it is possible. These are dilltcultics. it is plain, which «uinot 
be so easily overcome. Otu only appeal is agiiin to the experimental 
lacthod. and up to a certain point the method responds to the appeal. 
W« can obviate irregularity of reproduction by special practice, and 
wc can tdl when a defect in our record is due to such irregularity. 
But not even expcriracnt can render the indirect sensible discrimination 
fiiDjr adequate to th« direct. Il would be well if this fact received, 
as it certainly deserves, more attention than it has hitherto attracted, 
8. It b oftentimes necessary, if an ins-estigation into sensible 
diacriBimatiop is to lead to the discovery of laws and uniformities of 
genoat validity, that it should be accompanied by an examination ot 
lenhimty, ituil tt, llie bare capacity of experiencing and communicating 
aensatJoRS. We may stdidivide seniiliviiy, according as it bas reference 
to a whole scate department or ti> individual sensations. In tUe ärst 
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case it is IcDOwn as modal uniithily, and is measured bf the number 
of wasatioDs given with or possible to a particular sense. In the 
second, it may be termed stmibitity (the word Is ciurcDt in this 
meaning in palhology). and is measured in terms of the attributes 
I predicable of the separate sensations. We can, therefore, speak of a 
'^ttalitativ*, »nftHsive, exUmivf, and /^/Ä/orcj/ sensibility, as well as sensi- 
ble discrimination. To give an example: the modal sensitivity of the 
skin is dcicrmiDed when we have enumerated all the simple qualities 

■ or different sensations which can arise from cutaneous stimulation. 
When a sense embraces a large number of different qualities (sight 
and hearing, e^.]. it becomes necessary to preface this enumeration 
by a statement of the limits of stimulability. We have an 'upper' 
and 'lower limit' of sensations of colour and tone; »>., limits, beyond 
which in cither direction stimulation is ineffective. The relation of 
itenaation to stimulus is also turned to account in th« determination 
of .sensibility, and generally for i!ic asceiuiinmcnl of limiting values. 
Thus it would be a test of qualitative scnaibiliiy to inquire how many air 
vibnilions arc required for the perception of the pilch of tone to which their 
period rorresjiunda. In the same way, we seek to discover the least 
intensity, dur^ttun, or otlcnsity of a stimulus which can evoke a 
sensation. These just sensible minima of stimulation axe called 
Iimiita{^\. 

Q. Out definition leads us to distinguish, further, a dirtel and an 
indirtrl sensitivity. What has been said above of the corresponding 
fiirm» of the sensible discrimination holds equally of the two kind» 
of sensitivity. We God, as we should ciqiect, an incongruity between 
them. It is to be remarked that we have as yel aaid nothing of what 
might »eera to be pn>petly termed * indirect' sensitivity and sensible 
discrimin;i lion;— a judgment of sensations ordiffereuces between serisatiuns 

■ formed not from the experiences dieinsclves, but by the application of 
' extiaoeou* criteria, furnished, it may be, by other sensations, or fay 

previous knowledge of the (acts and their relations. The incongruity 
between this and tlic direct proco^es needs no demonstration. An 
illustratioo of it is afforded by our judgment of the distance of an 
. object from the eye as inferred from the distJncincss of its outline, 
rwhich is empirically mediated, and not derived from any 'sensation of 
distance'; or by that of the direction from which a sound comes to 
the car, which is not referable to any peculiar spatial characteristic of 
auditory sensation. There is great danger of confusing tlicsc judgments 
with those of the diicct and indirect sensitivity and sensible discrimina- 
tion in the strict meaning of the terms, and it can only be avoided 

[■] Latin timtn. a thieihold. 
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tf opccial caie »nd caution in ariAtysis, whether obäervaüonal or 
etpcrimental. 

iOl ScDsatioDS stand in definite relations of dependency to cerL-iin 
peiphaal and central organs of the nervous ^siem. Their fitst 
inwttl appears to be conclaicd. without exception, with the stimulation 
Uihe peripheral organs. Afterwards, however, they may enter conscious- 
MSi by "he central path. We may base our daisißtaiioH 0/ sensations, 
then, upon thb düTerence in their bodily conditions, and divide them 
isu ftriphetaUy esnud and centrally excited. The former obviously 
idhItc a central excitation ;is well, but the latter need no jicripheral 
driiaiion to cause the central. The two classes must be treated 
Kparalely, as llicy normall) present characteristic differences. Within 
e«h dass we shall examine the various sensation »tributes in order. 
In3l, hovreret, be convenient to defer the consideration of extension 
■oi later period, since (1} only two senses possess the attribute (§ 4. 3), 
and (j) it is best to dca] with all our spatial contents and judgments 
in toonection. And for this latter reason we shall also postpone onr 
dsosiion of dutation, till we can examine all the temporal characteristics 
Ol cociciousness in a single chapter. There remain two sub-sections, 
Ailing respectively with the quality and in/emi/r 0/ sensation. Finally, 
■< ii desirable to arrange senitaiions nccoidirig tu tease Jeparlments, in- 
UBudi as differences in the bodily orj^ns uiust mean very considerable 
■C^nence« in the rliaracter of sensations. We shall, therefore, 
Qiffiider the cutaneous, visual, auditory sensations, etc., in turn, as 
iqarate clawcs. Tliis is tlie only unequivocal principle of class- 
dbiifKUon among sensations, which has an indisputable foundation in 
ibelacts. 

(te iMiom foi Qol ccMmliiutiiit; aflectivc tone, >>., the plusacliiess or ns- 
finiaBtDtis of ■ tcDtsliuD, Willi ihv four *(tribiitn mcntioti'^il in the texl, will bi« 
i dfcaJ ■( > bt(T itHj^e (8 34. 4). — [1 »my wem ihai Ihe deuniiinalioa of 
•HMtuit 1* not ilwnyt to rclulive ■( wr h>vc made it. Thui jl \% uniloubtcdly 
fonlble to ciprf» ctitaln iiuslltirt. as thote of taste or of culincnus scnuliont, 
ia <fa«o(tMe ICTKt ; tiainol miiMclans lomeliinci poue^ ui ab»ilule mcmary for 
loon. Atofcoicr, we ran |;i<c an ahtalttte i!«>ienatinii of tile tpatlAl ronii in which 
«iiiul leDMÖoot ptocai IhemiclTct, provUlcd that it nltaws of ibc sppIiCBlion of 
■vie lunHtu gconxlricjil onmc. And ipccial prntticc colminato ia • veiy eresl 
ucBTMy [o the atnolnte deteimiokUon of inteaiitin, time-iaiemlj. uid dirtantg«. 
But (1) dieie ar« all exception*! either falling williio ripcciiUy favoured teoie- 
dtpMuncatt. in «hi(Ii there are but Hv qunlili«! and no continuous tiaaiition 
ftwn qoality lo qualilf. or forming only a compaislively imall proportion of the 
«bote ■nmbcT of availabh ijuatilin, degKtii of iolenbily, and lempoial or spatial 
•tudMdi. (1) The capacily of absolute detittnation arote by way of companion. 
Every »pioB of oamu ii bated upoa the detcrmlaalioo of distiacliv« mark), and 
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Out C*n ooty be baW upon compkriion. ThU do«* not mean, nf counr, thai 

. irhm Ifa« cntmectlnn bMwcni aame sod cooteciti has been firmly ettabllthnl ih« 

E-Teproductien of Uir iisine most always be mctliato] by the orlsltiiJ comptritoa. 

(j) Abiolulc ilKsiEiiftlioii w Blway* aisisled by tclslivc, while Ihr icvcme Is hanlly 

ever the case. Thu» thn itiaolute denomiDation of Ihe pitch of ■ tone i* aided 

Kby ilx icbliQD [n olbei tones given in memory or pemplion: wheieai the reU- 

lire detcrmiiutlioii of two dilTereDt pitches could scarcely depend upoo the nbwlute 

dcaomtDauoQ of either or both. (4) The capndty would be of little service for 

juycbotogicil puipoici, for the following rMSOO^ (a) It would always be cecci. 

ury to provide a ipednl check of its reliabillly id a patliculiir ra^, sioc« «tor 

ii »1 possible here ni elicwhcie in assodalion. (*) Its inficiliieol d^velopmenl 

would netsisiLitc a special ind elnbonie training, which would, after all, proxc 

^tt■elen in maoy nsex. (c) There is simply no giumnlce, so far ax we can sec, that tlio 

denominatioD» of definite ««pericnces by dilTereQl individuals would liai-c the »mc 

■i^initicaiioe for all. With these considenilions in our minds, we shall hardly be 

, obliged to qualify the remarks made ubove (g 4. 4). Sensitlvily is the single rubric 

'tliid«r which absolute delrmiiualjon con find a place. Bui sen^iltvity is ascer- 

taiucd aud measured solely by iti> tHatiun to sliniiilus-inigutlndi?«: and tins proced- 

lite makes ooly an iudirecl conliibution to the aanlyais ol seoaaliott and its 

prc^ierties. 

Tbc cUHniliaition of senialions bf the cxtenul slhnali which evoke Ihem, «s 

Kneaiions nf 'bghl', 'sound', 'pressure', etc., cannot be oecepTed. for the reason 

,.(h*t the MOMllnnii so denominate] do not stand in any nnciiutvocil lelaliim to 

f'ths ndttof; tllmull. 'Light' sensations, for instance, tan bercodaced by mccliau- 

Ic^ or •lecttical stimulation of the optic ocrvc. 

E*i)n less tenable Is the point of view which n^es sensati^s the psycholo^cat 
iymbols nf objective fact« or processes, and leads to their dossiiication as scniatiMir- 
of 'movement', 'weight', *tlme', 'space', and so on. Qualities of the most va'loiii. 
kiniU cnn do the psychologist ibis secondary service of symbolism for one aud 
I the same object. We do not deny that a psychology of knowledge would find 
the point nf view valnabic, and indeed be compelled to ask how Car particular 
senMiiooi or complexes of jensation» have acquired or oin acq'iite thii »ißuificante 
for the denomination of objective facli. But where sensaliooA at« to be Ircaled 
01 ample cocsdoos processes, it >s iodifTerenl. if not misloidinK. 

It has sometimes been staled ihnt sense-depattment» can be dUeriminaled by 

(he fiict thai wiuations of -oy one sense form .1 ci^nllnnous series, while the 

rteiuiatioD» of disparate senses are wholly uncoBncclcd, The sl.iicmcnt is not ([Uite 

correct. There ajipear to be uo irau-iition atages between the qualities of Uil«, or 

between thote of preEnuni and teinpcratur*. 

§ S. General Conditions of Sensitivity and Sensible 
Discrimination. 



I. The general capacities of sensing, and of experiencing like and 
different contents — that is, tlic direct sensillvily and sensible discrimi- 
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^P tadon— msy be supposed to be approximately the same in different 

~ tudindiBh, provided tliat certain o( llicir conditions (of which more 

I ä 1 momeaO are kept coiiitaiit. Tlie capacity of reporting upon ex- 

ftrisBce; 00 tlie oUicr band, will naturally vary very considerably. It 

' H Ibereliare commoner, perhaps, in psychological Jnvestigaiious of senü- 

01% and sensible discriraination than in any other department ot 

»mtific iiKjuiry, tliat different observers reach quite divergent results. 

Tit disctepancy is not due, as a lule, to indefinable 'individual diifer- 

MM*', but lo differences in the objeti with which the various observers 

vSmA upon their research, and consequent differences in their ob- 

IKnatioos of the same set of facts. The first great prerequisite of 
fnilM investigation into sensitivity and sensible discrimination is, then, 
a detr and precise fonnulalinn of the question to be ansueted, and 
a comparison or comparative evaluation of the reports in whidl 
asivas obtained under similar conditions are given. £. H. Webei 
iBtcd the 'cutaneoat space sense' by applying the two points of a pair 
o( (Tonpaises lo the skiu, and ascertaining how far apart they must 
lit for ihe two sensalioiLS to remain (descending series) or becocae 
(ucoidii^ series) just noticeable as two. Since his day, innumerable 
«pcnnents of tlie same kind have been made for the same purpose, 
t«h with normal and pathological subjects. But what connection is 
^^ litre between the 'Jusl noticeable twoncss' of sensations, and the jusl 
^H soiiceable cutaneous distance or cUcnslon } No satisfactory examination 
^V rf tbc intcrrdation of these two judgments of noticcability has been 
^P Bndc up to the present time; and until it has been made, we have 
» right to speak of the experiments as tests of the cutaneous 'space 
«BSC*. It would not be difficult to collect a largo number of similar 
initancc« of incongruity between the direct and indirect sensitivity 01 
sensible disciimination, due to inaccuracy of preliminary formulation 
w sabsequent interpretation, The remedy, however, is in our own 
hands, and such eases have nothing in common witli the difficulties 
diKwecd above (§ 4. 6, 7, 9). 

;. There arc three sets of condition» which affect the direct and 
mdireci «ensitivity and sensible discrimination alike. The ßisl ia 
thai of 

(1) Alitnlion. — It folbws from oar definition of this state of oon- 
*ÖDU3aesB ^ 2. 3) that its vsrinus degrees will influence both (he direct 
and the Indirect seiuitivity and sensible discrimination. The greater 
•T less ri\*idnexs erf sensations in consciousness will evidently affect our 
irttrospcction of ihemsclvcs and their differences; and tireir greater or 
rcproduclivity will similarly affect the certainly and adequacy 
>r ihcit descT^tioQ. A general rule may, thereiore, be formulated, to 
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iho effect ihal, rt< grealtr tht atttttiion, (h* greater an our seiui/ivit 
and aensiilf Jiienminalhn. The influence of attention is so consider- 
able that it is absolutely necessary, if observations arc to admit ul 
intercomparisoD, that we keep it constant throughout the series. No' 
the onl}' degree of attention which can be experimentally maintained 
with anything like certainty, \a that ol cumplete concentiution. Every 
observniion, then, must be made under Uii« condition: in all cases 
where the Influence of attention is not itself the uttject uf tnv»t)galion, 
the rule u'ill hold that iht dirrction of the atUntion must be coiulanf' 
and lit dtgne maximal. As a mailer of fact, however, fluctuations' 
bull] of dircctirxi and ricgree arc inevitable. The attentive examination 
and careful jutlgmcnt ct like experiences at short intervals through 3 
whole »eric* of experiments arc very fatiguing. Conscious dislractioiV^| 
or diminution of the attention may be checked by accurate introspectioa ^1 
on ihe part of the observer, who must put a special mark against 
judgments formed under unfavourable conditions, to dislingubh them 
from the rest. On the other hand, the many unnoticed tluctuatio 
of the attention will lead to accidental errors of observation, whicli cai 
only be eliminated —as in the natural sciences— by mathematical treat- 
ment of a verj' large number of expciimcnts, Unless the record shows 
a constant increase or decrease of scnsiliviiy or sensible discrimination, 
it may be assumed that these accidental variaiions arc equally grouped 
about the true. »>., the mean value. Let <*, 0, r, — be enors of 
observation due lo acddcntal fluctuati>:>ns of the attention, and causing 
the bypoihclically true value B to vary in both the ptöitive and negative 
direction; and let the sum total of the positive errors be equal tu that 
of the Dcgütive. Then j5 + «, j9+P, .... will represent the experi- 
mental results actually obtained, and (« being the number of obser- 
vations) «re shall have 

{g + «) + (/?+P)+(g+y)+.... „ 
a 

Id strictness, 3 should be termed not the true, but the probable 
valu« o( the obserraiion. 

3. Alt states of cünsdousness whidi modify the attention will 
naturally exert an indirect influence upon sensitivity and sensible dis- 
crimination. Ill humour and depression generally mean distraction and 
diminution of the attention; and any physical discomfort, headache, 
etc., is apt to have the same effect. The greater tlie interest taken 
in the work, tlie more actively and exclusively will tlie attention be 
directed upon it; whereas a conviction of the fruitle^iineM! or worth- 
teuncss of the observations brings with it an invtilunlaiy relaxation of 
Ihe energy of introspection and a cuitatlment 01 description. Nervous 
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embbilitjr capaciUtes a man for Iteen oluervntion at ih« beginning oi 
1» experimental series, but makes Kim dull, and li;tl>lc lo all sorts uf 
^aOactioD, as the impressions are repeated. A conscicnlioui obscrvei 
«in hai-c K> latc account of all these elements in the inliiliiljun ur 
bdnuiioD of hb attention; and a skilful expctimentcr will gauge the 
^talit)' of bb cxpciimental subjects by the judgments which they recoid 
fcf him. No specific directions can be given ; and in any case, nothing 
boi operiencc could show whctlier they were being followed. TIic 
enisordinary inalability of ih« mental equilibrium is a factor with which 
ibt acieDiiM has to leclcoa only as a source of accidental, not further 
anlynbie eiron, but of which the psychologist must take very par* 
ticnhi accounL It presents itself to hiiu both (1) as a sum of diflfecent 
fncoses affecting nny given judgment and (J) as an independent 
oijecl of scicntilic iniiuiry. A iboiough analysis ol its inllueiice leads 
ID a whole number of important results, of the kind to which wc have 
abckdy cilkd attention in our protest against the mechanical treat- 
flmt of special questions (§ 2. 12). 

fl. (;) E.\ptttiiiion and llabüttation. — Both of these conditions 
«ouBt in a prcdisjKMicion of consciousness. To 'expect' a stimulus 
Of tthnDlus-diffcreoc« 18 to prepare its introspection or the Judgnicnt 
iffiiopnate to it. Tliis preparation c^n be aoromplished in vaiious 
nys: by a iavoiirable attitude and adjuslment of the seu£or>- apixiraius 
(ditection of gaie, acconmiodation for a certain distance, etc.), by tlie 
KDttal excitation of sensations which antici|)ale the expected impression 
[idea of the stimulus or »timulus-dilTcrence), by an es])ccial rcadine» 
io« th« application of the appropriate judgment (menial rchtareal of 
the right sounds), and so on. Expectation, if directed upon the pro* 
ceecs undcilpng the observer's report, must evidently increase semti* 
n'viiy and sensible discrimination : for it is, in reality, simply a preparatory 
attention. It facilitates the prompt and hill conccniralion of the 
atieotioD upon the cjcpc«lcd contents. Without it the attention, if the 
ptinse is permissible, might easily come too late, and find the sensa- 
tioog already somewhat laded. To ensure its uniform co-operation in 
the observations of a scries, it is customary to give a signal at tome 
fixed interval before the appcaiance of the stimulus in each expcri- 
■teitl, so that the subject's mind is prejiaied for its reception. The 
interral between signal (a sjjoken " IJow! ' or the stroke of an electric 
bdl) and stimidus ii made so sliurt tliat exjieclation just reaches Its 
marimtim, without jiassing over into exliaustion, as it would do if the 
lime were too long. The length of tlie interval Is, of course, dependent 
upon tlie complexity «I the neccixary [ireiiaration, i.t., of the experi- 
ment Th« simpler the object j>rcsciited to judgment, th« shorter can 
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it be made. In many cues it has been found that 2 sec. Is a i 
average lime for the adjuKiment of expcciatiun. 

J. UHiat has been said above of llie dislraction and dintinuUon of 
the attention holds also of the distraction and weakening of expecta- 
tion. The introspection of the observer must ;igain furnish a check 
upon all conscious deviations firun the norm; and the ingenuity of fl 
the experimenter must guard agaiiut such as would pass unnoticed. V 
But since the contents of L'Xpccl<ition m<iy vary as well as its diredkm 
and intensity, we speak in cxpcriincnul psycholi^gy of &. ptoetdutt milk 
inowledge (complete or incomplete) and a piocfiittrt miheul tnotc/fdgf. 
la the former, (he observer has or is given full or partial knowledge i 
of the purpose of the investigation. This procedure is always followed, 
for instance, wlicn the functions of observer and experimenter are 
combined in a single person. In the oilier case, the observer tias no 
»uch knowledge. This priicedure in its extreme form obviously implies 
that observer and espcrinienicr ;ue dÜTctent [jewuns. There are. natu- 
rally, a large »umber of gtiLdalion.-t beiwetn the two; and neitlicr can 
really be employed williout some intermixture of its opposite. The 
procedure without knowledge, for instance, cannot entirely exclude 
knowledge of the circumstances of the experiment. We may vary tho 
magnitude of a stimulus-dillercnce, A >n a series of observations, 
in auch a way that the subject is quite uncertain as to the direction 
and amount of iu variation, but we cannot keep him in ignorance of i 
the sense-organ to be affected and tlie kind of judgment lo be made. 
The aittibules "with knowledge' and 'without knowledge', therefore, 
can only be predicated in the strict sedse of the particular object of 
the individual judgment. Indeed, it is not desbable that the procedure 
without knowledge should ovemlep these narrow limits. For in thai 
case, the important preparatory work of expectation would be rendered 
null and void. 

6. It is impossible to make any general statement as to the compa- 
rative value of the two methods of procedure. Each is im|>ortant in 
its own place; but the two sets of results must not be confounded. We 
may fairly assume that sensitivity and sensible discrimination will be 
greater in the procedure wM knowledge. The more definite the 
contents of a correct expectation, the more easily must a stimulus be 
noticed and a stimulus -difference cognised. But both procedures 
leave the door open to certain errors. In that with knowledge, the 
impartiality of the observer may be more or less seriously affected. 
It is fatally easy to substitute knowledge for perception, and so lose 
sight of the actual facts. The result is an artificial regularity of 
judgment, an arlifidal value of the »ensitlvily and sensible discrimination. 
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V b thai widioul kniwlett^, on ihe other hand, it is not always possible 
lopxreiit Ihe intriiMon nl »oine kind of definite idc^ of the character 
of the object of juilgtnciit. This idea may be right and may be 
iKng, and acconling iik it is the one or the other will effect an 
ataonnal incrcikK: or diminution o\ sensitivity and sensible disaimin- 
>tun. The obscn'awons will consequently varj- within somewhat wide 
Gaits. And their variation will be rendered still greater by llic natural 
iBoenaiaty of the subject, who has purposely been left in ignorance 
(< tbe precise character of ihe experiment. The method without 
bc*ledgc ihcrcfore, tends to rate sensible discrimination and sensi- 
lirilv too low, just as the procedure with knowledge tends to put 
llian too high. Il is always needful to employ both, using each to 
dwdi Ibe other, and only deciding after very careful conäideralion 
•tei oRers ilie greater advantages in a given case. 

7. By babilualion we understand a te:i<lency, taking shape in the 
come of a series of similar obtervationK, to experience and describe 
FCra|i(iont of »imilar character. All our voluntary actions become 
loUanatic after a certain number of icpelitions, and buth expectation 
and attention arc dependent on the will. Within any series of psy- 
dxilogical experiments, therefore, wc are apt to find a certain dlicclion 

tud degree of Ihc attention growing habitual, and a parliuular category 
b( iodgineot becoming preferred. Or if the method employed for the 
ioveni^tion of sensitivity or sensible discrimination consisis in the 
UBIäiHMS gradation of stimulus-magnitudes, habituation is apt to 
Biw S fa t itself in another way, — in reversal of judgment after a certain 
•oSa of 'equals' or 'diffcrcnls', A very simple experiment will show 
fte aiagnitude of its inßueDce. Let a number of comintrisons be 
•utile with lifted weights, the second of each pair being kept constantly 
bövio than the first; and then let this heavier weight be replaced, 
ioioiDe tena of the series— without the subject's knowledge— by one 
*bidi b exactly equal to tlie first. The new weight will be jtidged 
to be noticeably lighter tlian the other. Here, »n in<Iced in must 
tate^ the proccM of habituation v* unconscious. It has been teclmi* 
<il|f tcnned prtdispoiision, in the sense of a prcdisposili()n of sensory 
or iDotor centre» for a particular excitation or impulse. But uncon- 
KMus predisp<i«itioa » plainly only a Kub-he.nding of habituation, as 
*« have dci'incd it: there fc no essential diffeicncc citlici between 
cnuriouK aiK] unconscious habituation, or between predi'jXMiiion ui the 
direct artd that of the indirect sensitivity and sensible discrimination.— 
We cannot treat in detail of the long series of individual phenomena. 
bI of the same general nature, which constitute habituation, an)' more 
iku «e could of tbe details of expecUiJon ; but «re will speak of a 
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few points which bear uncquiv^ocally upon acnsitivily and sensible 
disciiminaiioD. 

S. An appreciation of the influence of habituation leads to two 
results, (i) A certain amount of habituation, such as is induced by 
a bticf series ol exi)erimenls, undoubtedly exerts a favourable influence 
upon tile ccrUiiiily of jud^jmenC, smooths the way for attention and 
expectation, and (iLcililates the report of essential facts. Provided, that Is, 
that its direction tloes not bring it into conflict with objective conditions, it 
prevents any seiious fluctuation uf sensitivity and sensible discrimination. 
(ii) But with loo great habituation, the activity ol compaiisoii tends 
tc degenerate into a mechanical automatism, which practically nulli- 
fies the «fleets of attention and expectation, and dulls the subject's 
inlerevt in the imlividual experiment. So that, if a certain amount of 
habituation is good, a larger amount is hannful- 

The same two results come out, if we consider habituation from 
the point of view of ilic agreement or disagreement of its contents 
with the object of judgment, (ij A large measure of habituation to 
a paiticulai perception or report leads us lo substitute tor the estima- 
tion or compaiison of the stimuli, as such, a judgment based upon 
Iheir relation lo Uic dispi>silion which their accustomed ncss has brought 
about. The inconect judgment of the heaviness of the second weight, 
in the illustration given above, w.vi largely due lo the very natural 
comparison of the unexpected iinpiession with that for whicli the 
subject was prepared. Under these circumstances we cannot, o! course, 
obtain reliable information of the powers of sensitivity and sensible 
discrimination; we mn the risk of basing out estimate of tlieir normal 
■Junction, or our general conclusions with regard to the comparative 
nndgment, upon results which are wholly foiiuilous, and due to the 
artificial conditions of the experiment. Such results are in all essential 
points incomparable with the others, and only valuable as indicating 
the great influence nf habituation and predisposition. (Ü) A small 
Lmeasure of habituation, on the other hand, is distinctly helpful to^ 
»intro»peciioii, i.€^ increases the sensitivity and sensible discriminatioii, 
even in caites where the stimuli and stimulus-dilicrences are variable. 
Here again, then, it rests with ubscrver to take account of the source 
ol error, and with experimenter to satisfy himself of its magnitude by 
a fitting disposal of his experiments. The procedure without knowledge 
furnishes a key to both problems. 

9. (3) Pratlic« and /■'aftgue.—Wc mean by these terms processes, 
which arc oidinarily alike dcpcridcnt u;ion the number of observations, 
but which exert diametrically opposite influences upon sensitivity and 
sensible disci im ination. To practice U due a steady increai^c ia 
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difiaqr of p«(ceplion and rcadiiwiBS of judgment; to fatigue a steady 
tottte ID both. The word» are so familiar and intelligible that 
■I it nniiecessai}' to define Ihcm. The processes ha\-c received a good 
deal of atleiitinn in phyiiology, rou^ular practice and fatigue, inpar- 
Koltr, forming the subject of a large iiumbet of investigations. Prac- 
ia eiprcsKe» itself p^ycholagically (i) in an increase of altcnliona) 
oocentntion, with all its arcompanying advantages, and (ii) in an 
treated capacity of reproduction. In both caseti we may speak of 
t at general or speciaL Gtneral practice is equally valuable in all 
dfputments of in<iiürj-. Tlie subject who has rendered conscientious 
Kmce in any «X of psychulogical cxj)criments will have gitined in 
power of oincrvation and of judgment, tjuiic apart from the spcnal 
fatÄjy which he has acquired. Special pnictii c only applies to the 
hUer. It is best, in embarking upon a new invcstignlion, lo secure 
■be aoHtance of obseivcre who have alrmdy had some general prac- 
tice; special practice must obviously be gained in the course of the 
opaiments. General praaicc in piano-playing, t^., docs not by any 
Bdoj imply the capacity of rendering a now composition at sight- 
CcBoal piscitce increases in direct proportion to special; but the 
■mtse b not necessarily true. 

We shall not discuss general fatigue, since it is well to exclude 
psMDS u-ho suRi-r from it fn>m participation in an invei^tigatioii ; 
indeed, it a one of tlie »pirdal objecbi of the experiment to 
Hccnain what kind of report i« itiudc in a condition of gencml 
Rlxiatkin and exhaustion. A special fatigue, consc(iucnl upon contin- 
ucd occupation with the same problem, must show itself sooner or 
bur, and is oltcn operative before the subject has remarked it» iidlu- 
ota. It expm^cii itself in an increasing uncertainly and inaccuracy 
of fodgmeni, and consists (i) in a weakening of attention, and (ii) in 
a diminished capacity of reproduction. Since certain muscles are 
tmntially concerned in the reception of sense-impressions, it will be 
■«essary to lake account of their practice and fatigue, in accounting 
for iacrcasc or decrease of sensitivity and sensible discrimination. 

10. The modification of sensitivity and sensible discrimination by 
ptsctice aivd fatigue is very considerable. Hence it is important to 
be sure thai only those judgments are compared which were obtained 
mder similar conditions in each regard. And ibis holds of the judg- 
ffleots of different persons, as well as of those of the samt; observer. 
Hw qiKStion arises, therefore, as lo how llie two läctors can be kept 
cooitant, or their variation checked, if variation is inevitable, (i) 
Fatigue can be combated with some mea.<<ure of success, by judicious 
feitation of the length of the experimental series, and caicful appor- 
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QDment of recreative pauses between the sepantte experiments which 
it comprises. (Ji) Piacticc cannot be counteracted, and must, thcrcfoic, 
_be atxurately checked in every investigation. Its degree is estimated 
a roraparison of the particular experiments and experimental 
, whicJi show its progressive influence as more and more judg- 
nenLt are taken. It is now cusloniaiy not to begin the cxpcrinient£ 
from which cunclusiiins are to be drawn with respect to scniitivily 
or sensible discrimination until the maximal degree of practice lla-^ 
been attained by the ob»er\'ers, and the different scries and experi- 
Ltoents have practically ireased to vaty with its continuance. No 
Egeneial rule can be laid down as to the number of ex]ienrnents 
necKSiiiTy for complete practice. Where the problem is diflictilt and 
compliiatcil it will hardly ever be safe to say that maumal practice 
has really been reached. 

It. The last general condition of sensitivity and sensible discri- 
mination, but a condition of their indirect forms only, is to be found 
in the 6oi/i/v (physiological) pmrttiti which intervene between stimulus 
and sensation. Our previous discussion has involved some reference 
10 these mediating processes; but the concepts of 'practice', 'alicntion', 
«tc-, include beside them influences of a more central nature. We 
have, however, already mentioned prcdispisiiion; the seat of which 
may posubly be looked for in the lower brain centres. There rein:itn, 
therefore, unly the manifold variations of nervous excitation which 
occur in the peripheral sense-organ. Observations of the effect of 
slimulaiiun ut one point of »kin or retina may not be compared off* 
hand with those of it* effect at other jioints: »ensitivily and sensible 
■-discrimination are largely dependent upon the place at which the 
gan is affected by light or pressure. Again, the senses of :^ighl, 
aring, etc., evince u number of individual differences, peripherally 
anditioncd, which arc of great importance for theories of senwtion. 
but which also serve considerably to modify sensitivity and sensible 
litcrimioation : the unmusical car dilTcrs in both respects from the 
misicalf the colour-blind eye from the normal. And, lastly, we must 
bear in mind all the uniformities of relation which have been estab* 
^hed from the physiological side for stimulus and excitation. Tliese 
acts would naturally enter into any appreciation of the capacity of 
sensitivity and sensible discrimination.— We shall speak of ihcie con- 
ditions more in detail as occasion requires. 
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I i 6. Tht Measurement of Sensitivity and Sensibla 

^H Discrimination- ■ 

r I. The «mifonn dqiendenc)' of sensitivity and sensible discriminiition 
IpOB aS these raiious condiriom renders it necessary (i) ■^'"^alcca large 
nabcr of observations, and (i) to follow a rigorous method, if we 
ue la obtain valid results and successfully cope with distracting influence, 
Tfce merit of having ttansfonned the scattered cxpciimcnis of previous 
I Bvtnjßatora ia\a ptydt^phytual measurtmtnf-mtlhods belongs to Fcchncr. 
The neihods which we employ to-day for the experimental treatment 
efxasatioas are in principle the methods which he toiniulatcd, although 
tber have nahually undergone madificalion and expansion. But 
Fedmec's concept of laychical measurement, of the meiisurability of 
leamioiu:, etc., gave rise lo a controversy which still continues. We 
tannot discuM the points at issite in anylliing like adequate detail 
■idiin the limiu of the present book. It must sulüce to give a brief 
■dbaiion of the position tiken up in the fallowing pages. 

I. No one will niainkiin that we can mtasurt sensations in the strict, 

'ü. spatial meaning of that tenn. For (i) tliey rannut be divided 

^t bto parts,— this sensation of 'gray' is not two or three of that otlier 

Mxation of 'gray'; and (z) there is no amount of sensation which 

,cu serve as the unit of measurement for all, since we can ncithci 

iM op any such unit, not could apply it with certainly if it were set 

I Op. Wc cannot, therefore, measure sensations by reference to or by 

' Ucans of other sensations. Neither can we, as things are, measure 

Acm by tbeir functiona] relations to bodily processes (cf. § 4. 4). 

For (1) this would presuppose, at the very leait. that we wee able to 

DDoceire of sensations as divided into jiarts, and further to correlate 

Acse parts or degrees, vhi<th we h:id determined in idea, with pliyslcal 

■KaaitBB. The sensation i vr<iuld then cnrtespond to a phy^cal 

nagDitode fix anotha sensaiion— say, it — to the magnitude 2p; and so 

on. But (his melhod, hovre^'ei abstract we make it, is not applicable to 

ttoaadons. (a) Again, sensations arc not so entirely at our disposal 

öiai «e can parallel them directly with external conditions, without 

any nediation of comparison and appreciation. If tticy »-ere, u-e 

jiuniU not need to introduce such concepts as sensitivity and sensible 

discrimination, but could institute a direct comparison of sensations 

oc sensation -differences and stimuh or stimulus-differences. Tlicrc are 

two possibilities of measurement in natural science; the direct procedure.^ 

«hkh formulates a process in tcims of a conventional unit of its ownl 

kind, and the indirect, which gives it a quantitative expression byj 

BOtkig its fnnctional rctalion to some directly measurable process) 





^ böcTJtWR df EiSif stiffs : iSlfiAJ/o.vs. ^^m 

Neither is applicable to sensations, i If wc rail what can be mea^S^ 
a 'magnitude', wc must say, then, ihal sensaiitm is not a mjignittido.-^^ 
Il may be remarked here that spatial mngtiiiiidc« alone admit of 
direct measurement: and that the fundamental condition of exact 
measurement in natural science is, therefore, the establish mcnl of 
unequivocal functional relations between spatial magnitudes and all 
other natural phenomena. 

3, But the objections which hold «gainst the measurability of 
sensations, at any rate at the present time, fall to the ground when 

■ QTged against sensitivity and sensible discrimination. Direct measure- 
faent, of course, is impossible in their case : that is sufSciently obvious. 

But an indirect measurement is undoubtedly possible. There is no leason 
why we should not speak of a double or threefold sensitivity or 
sensible discrimination. And the judgments of sensitivity and sensible 
k'diaoriminaiion are, certainly, simple correlates of the objects judged- 
rWa measure a foice by the velocity which it imparls; we measure 
sensitivity and sensible discrimination, not by senitations, —which are 
unmcaxurable.—but by the stimuli or stimulus-diffftcuces which enable 
us to determine theii capacit)'. Thisplainly implies that ihe verbal reports, 
which are to be correlated with the stimuli, possess a certain icliabi- 
Kty. And experience sIkiws that the condition is fulfilled in two 
cases only; (1) when the judgment is 'like' or 'different', and (2) when 
it is 'present' or 'absent', ^fow, as a matter of fact, all the psycho- 
.logical measurement-methods arc built up upon these two sets of 
Budgmcnis land a few synonmous expressions), as passed upon stimuli 
or stimulus-dilTcrcnccB. Upon thcii' reliability, indeed, depend all 
kinds of measurement, including the direct procedure of natural science, 
liowevcr delicate and accurate be the instruments employed to assist 
observation, We need hardly, then, bring any special arguments to 
justify their application in experimental psychology. They corresjinnd 
to the widest of all the logical categories, identity and contradiclior». 

■ being and not-being, and must, accordingly, be pi)St«lated in every 
pbranch of Ihnught and knowlettgc. It is iiften desirable, in view of 

the special object of an inveslig;ition, to give ihem a mure concrete 
form; and this asually suggests itself without diflictilty. It is custom- 
ary, for instance, to indicate a definite kind of diSereocc between 
(two leiisationii by naming one of them 'greater' or 'less'. But this 
rb no nlter»tion in principle; since the judgment could just as well 
have been a simple * dificrcnt', if previous explanation had been given 
of the nature of the comparison. 

4. The two terms in these two sets of judgments are not altogether 
i^D an eciuality as regards contents. The predicates 'like' and 'absent' 
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St aüugetb«! unequivocal : their p^cbologlcal meaning Tcmains the 
me; ■faether ihey are asserted of sensations or of sensation-differences. 
Br the judgments 'different' and 'present' may mean vaiiouä thingB: 
«Bsations and senutton-difreienires con be present and different in all 
SHoer of nys. They are, therefore, incajialile of furnishing a 
•tasuiemeDt u( dtiniU magnitudes. To obviate ttiis lUfHrulty, they 
tore been employe«! in a very tpcdal form. Tlie only 'ditlerence' 
iid the only 'presence' which it has been attempted to ascertain are 
tote which may be termed 'just noticeable'. »-<.. which constitute 
faiting vahKS between 'different' ajid 'like', on the one hand, and 
'fxacat' and 'absent', on the other. In this way we obtain the 
(SMcpt of the just noticeable stimulus, as a measure of sensitivity 
nbe mean bctvccn present and absent gensalions). and the concept 
af the jliSt noticeable stimulus-difference, as a measure of sensible 
äsoimination (the mean between like and different sensations). It is 
ikai that detcnninaiions of this kind cannot be made on the b:isis 
flf the seosations themselves, but must be obtained indirectly, by special 
■Cthods, from the indications of sensitivity and sensible discrimination. 
The sensations or sensation-differences which wc characterise as 'just 
;R>cnt' or 'jtist diflereni' have no Intrinsic advantage over others in 
iurospection. tl we should try to determine them, without more ado, 
bf appeal U> intro!({>eirtion, we should be subject to the same mistakes 
nd besitations as we should J** we attempted to detennino the half 
<K double or Üireefold of a sensation or «ensation-dtlTeience. It 
S only by the careful np[ilicalion of delir^ile methods that we can 
ofer what H 'just noticeable' from general statements of the kind 
mentioned above. 

A further measure of sensitivity and sensible discrimination is alTorded 
!^ fliuiult am) stimukis-diflcrcnccs which evoke sensations or tensation- 
dilSereBces judged to be 'like'. In any given case of measurement, 
wndingly, we ßnd the predicates 'like', 'different', and 'present' 
lAe two latter in the special sense just explained) in direct apjiHralion; 
«hue the judgment 'absent' is, naturally, apt to be applied only 
iadiiectly,— unless, indeed, it be synonj-mous with the term 'like', iw 
refcTTcd to a sensation-difference. In other words, the u.se of the 
psychophysical measurement-methods means the obtaining of stimuli 
4nd stenulus-differenres which appear 'like' or arc "just noticeable', 
j. The outcome of these considerations may be made clearer by 
a few coDcicte instances. If wc find that a tight of the intensity i, 
dincted upon the centre of the retina, produces the same impression 
«s a I^ht of the intensity |, directed upon some point in the lateral 
psrtt of the retina, we can formulate the result as follows: the sensitivity 
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in lalenil xlimuLition sbmdv lo the sensitivity in central stimulation as 
1 : 4> or, is onc-and-a-half times as great ;u( the latter. The JudgmeDt 
ipon which this meosiiTentcnc is based is that or the apparent equality 
(likeness) of the stimuli. ' Wc could have obtained that equality m a 
different way,— by the dclctmination of the just noticeable brightness 
for the two retinal points. The hig^her the value of this brightness, 
the »in.-iller would be the sensitivity which it measured : in mher words, 
the magnitude of sensitivity i.t inver^uly propurticinal to the just notice* 
able oT appiOreiitly equal slimulus-mugniludes. Again, we know that, 
other things equal, the intensity of a sound decreases as the distance 
of its source from the car increases. If we detcnnine the distance of 
the just noticeable «ound for diflerent observers, and find that A can 
just hear an intensity t, while B only hears an intensity 3, wc may 
say that Ifs sensitivity for intensities of sound is only one-third as 
great as that of A. To test sensible discrimination wc proceed in 
precisely the same way. Suppose that two weights of 100 and 120 gr. 
aie found just 'noticeably different when they exert a pressure upon 
the palm of the resting hand, but that too and 104 gr. can be just 
distiuguixhed if they are lifted and ' weighed'. The stimulus-differences 
stand in the ratio 5 : i, and the sensible discrimination in the first 
case is, consequently, only \ as great as it is in the second. In 
her words, the sensible discrimination is inversely proportional to 
the just noticeable diflctcnce. Again, if we find that two brightnesses, 
10 and II, present the same apparent difference as the brightnesses 
too and 110, we may say that the sensible discrimination at 10 is 
ton times as great as that at too. In other words, Ihc sensible dis- 
crimination is also inversely ptopotlional to the magnitude of tfa^^ 
itly equal difference. ^| 

6. The just noticeable stimulus is technically termed the tlimulat 
limen, and the just noticeable stimulus-difference the difftttnct ti'mtn. 
The stimulus U generally denoted by the letter r|'J; the stimulus -diffeNfl 
cnce (»" — "x) by the expression A/- (or D); the difference Umen 
by 5 [*]. For the stimulus limen we shall employ the symbol S. A 
distinction is m.ide — not very happily, as it involves the transference 
,(if relations which obtain between stimuli to the sensible discrimi- 
nation— between an absolult and a ttlalive sensible discrimination. 
The magnitude A ' or S, absolutely regarded, gives a mc;isure of Ilie 
absolute sensible disi-riinination ; its rehttion to the stimuU iax which 

Ar 5 

the difference holds, -^— or -^ expresses 



-- . ut|»uau the relative sensible dis- 
|«rimination. When two stimuli are compared, it is usual to kecp^ 

[■] Rnx = ittmulin, [*] Sctwtllt « liuca. 
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[oae constant while the other is v;ined. The former thus becomes, in 
' I sense, the st3n<lard, lt> which the vacbhle is referTed for delcrmi* 
' ntioii. It is according)}' termed tlie stattdard ttimutut, ^\^\, as dis* 
tingoished from the shMuiat of camparitanf F^]. The relative sen- 
ale discriminatioQ Ls usually expressed in tetms of iV, as ~»~ or -j^ 

The aim of all measurement of sensitivity is the ascertainment of 6, 
<B the apparent equality (likeness) of two t\ the aim of all mcasurc- 
BKnt of semibic discrimination that of ^^ or the apparent equality 
(SkeitMs) of two Ar. This difference in the objects of the mcasurc- 
ment of aeositiviiy and sensible discriminalion is indicated by a dif-- 
ference in terminology. The ascertainment of € is a uimidut dtU*- 
mmathn; that of iT a difftrtnc* deltrminalion. So the procedure which 
ajoaists in effecting an apparent equality (likeness) of stimuU is 
kBMd ttimtUut comparison ; that which leads to an apparent equality 
(Ukeoeas) of stimulus-difTcrcnccs, different comparison. Stimulus deter- 
nmation and diflerence detcnoination give absolute values; stimulus 
comparison and difference comparison relative. Stimulus comparison by 
DO means necessarily lesulls in the correlation of subjective equality with 
objective equality ofstimuU; and apparent equality of stimulus-differences 
is not an index of their objective equaJity. It may very well happen that 
in apparently equal siimulus-difleiencc corresponds not to an equal 
diSiaencc between stimuli, but to an equality of their ratios: i.i., that 
' and r, appear equally different with r, and r,, not when r — r, = 

r, — r,, but wlien — ^ — ^, Tliia is, of course, in itself indifferent 

''i '% 
Kn tbe mcasorcmeDt of sensible discrimination. And it is, therefore, 
aho indifferent whether in particular the absolute or relative sensible 

discrimination, i.e., whctlier Ar or -^ is constant. 

7. AD these expressions are expressions of the magniiudt of sensi- 
fiiity 01 sensible discrimination; i.t., indicate their efficiency in face 
of abaofaite or relative values of determinate or compared stimuli or 
stmmliis-difleTences. But when a physicist, t.g., is reporting a scien- 
tific observation, he is not content to give merely the observed or 
calculated average of a series of experimental fig:ures> but slates how 
£u the separate results agreed with one another before llieir average 
w» taken. It is equally desirable that we, too, sliould indicate the 
floctttalioiis which sensitivity and sensible discrimination undergo in 
ptcsence of th« same itimulti« and stimulus-dilTerence. The mean 
BÜn e of Iheae flocttiatioDS fumiNhes a measure of the dtlitacy of sco- 

[>1 NfrmtUrtit. [*\ Vrrglatkirtit. 

4 
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siiivit)' or sensible discrimination. The necessity of the introdaction of 
this second rubric of measurement is shown by the fact that small .S 
have been found in various cases with relatively great variations, and 
large J with compataiivcly smalt variations. Knowledge of the 
'magniiudc' of sensitivity and sensible discrimination in such cases 
would obviously be but a part of the knowledge requited. 

No more is meant, hctc, by ' fluctuations ' of sensitivity and sen- 
sible discrimination, than tlie vacillation which we have seen (§ 5. 3, e^.) 
to result from the undulatory movements of attention. If wc add 
together the errors ascribed to these in our previous equation, a,ß,y,.., 
willKiut regard to tlieir + or ^ signs, and divide their sum by the 
number of observations, wc obtain liie mean fluctuation or (as it is 
usually termed) the mean varialian, MV. As related to this, the 
probable value of the observation, which we called B. becomes the 
arilhmttifal mtan, M, of the series, M or B, then, affords a meas- 
ure of the magnitude of sensitivity or sensible discrimination, while 
MV gives a numerical expression of its delicacy. Sensitivity and 
sensible discrimination are, here again, inversely proportional to the 
value obtained; the smaller the MV, the greater their delicacy. 

The distinction of an absolute and relative sensitivity and sensible 
discrimination ha.<i an cüpecial significance tn this connection. As a 
geseml rule, it will be even more imporlant to know their relative 
delicacy than their absolute, since the accuracy of an observation is 
gauged not by the absolute magnitude of its average error, but by 
the cjuoiicnt of that error and M, It will, therefore, be necessary to 

MV MV 

detcmiine Uie value of or -i_ — , etc., as well as that of MV. 

r Lit ' 

8. Admisaon of the validity of a particular MV evidently pre- 
buppoxex the belief ihat the magnitude of sensitivity and sensible 
Fäiscrimination remained practically unchanged throughout the exper- 
imental scries fix)m which it was calculated. In the absence of this 
belief it would be useless to reckon out the MV, as it would arouse 
an altogclhcr erroneous idea of the course of sensitivity and sensible 
■discrimination. Suppose, e.g., that the sensible discrimination increased 
■twofold within a given series. ».*., that the just noticeable stimulus- 
difference was at the end only tlie half of what it had been at the 
beginning; the mean variation iniglu easily be disproportionately large. 
On the whole, it Is safe to assume that magnitude and delicacy of 
sensitivity and sensible discrimination in the same individual are 
^directly proportional to one another. To ascertain whether a series 
Kb imfitted to serve as a basis of calculation, owing to the influence 
of practice ot habituation or what not, it is only necessary to divide 
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ioto a number of sub-serics (say, of 5 or to experiments), and 
b compare the averages obtained from thcicc. If their difTecencea 
n merely fortuitous and itrcgtilat, the series may be treated as a 
»hole. 

We distinguish these purely accidental fluctuations of judgment, 
due lo the operation of variable factors which cancel or compensate 
one another, from vahations which show a definite tendency, i.*., % 
tontinuous increase or decreaiie of sensitivity and sensible discriminE^ 
ÜO. Soch ionitani vamtioD funiiahcs a very simple measure of the 
inSueoces which occasion it; the amount of increase or decrease of 
fcnsitivity or sensible dtscriniination is a direct indication of the eictent 
of their power. They cannot be really avoided or eliminated (cf. 
•hat was said of practice above, § 5. 10), 

9. This constant variation is not to be confused with what are 
called toMiant trron. which can be eliminated by the proper method- 
ical means. They constitute positive or negative increments of the 
probable value of an observation, consequent upon differences in the 
temporal or spatial position of the stimuli compared, that is, ujwn 
differences in the external conditions tuider which these stimuli allcct 
the oTganisD. If the two stimuli in question are r and r,, and r 
regularly praccdcs r„ we have a Hm* tmr; if r and f, are pre- 
tented stmoltancoosly, but r is always to the right and r, to the left, 
or r alway« above and r, below, we have a ipaa trror. Both errors can 
be quite simply eliminated. When observations with a particular tem- 
pofal or spatial arrangement have given a particular mean value, J/j, 
an equal number of observations is taken with the precisely opposite 
anangemeoi (r following r,, r to the left, r below, and so on), and 
^wes the value M^. The arithmetical mean of Jf, and M^ is free of 
eopslant etiois. If both kinds of error are oj>erative in the same 
investigation {as where pressure stimuli are applied successively at 
difierenl points oS the surface of tlie skinX four series of observations 
Diitti be made, and the arithmetical mean of M^, M^, M^ and i£^ 
catcnhled. In eitlier case the mag^iitudc of a special error can be 
separately determined. Both elimination and detctroinalion axe, of 
cDvne, only possible if the conditions of judgment have been kept 
cDamnt in all other respects. 

The reasons for the enors cannot be stated with any d^ree of 
certainty. The different sensitivity of the points of skin or retina 
stimulated may partly account for the space error; the diffcrcnc« in 
the coodilions of nervous excitation for the two stimuli may partially 
«a{»laifi the time error. But both may be affected also by tlie differ- 
in the drcunutanccs under which the standard stimulus and 
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sUmulus of comparison aro judged. In any event, we can make no 
general statemenl as to tbeJi direction and magnitude. 

lO. The luetliuda which can be employed for the formulation of 
the magnitude of aenütivity or sensible discrimination in tenns of 
Stimulus or difference detenuination, or stimulus or difference com- 
parison, may be denominated gradalto» methods and trror mtlhoJi. 
In the abstract, any method can be employed for any object; but, 
as a mutter of fact, theoretical foundation and piacHcal application 
differ in different cases. The gradation methods make use of small 
and uniform changes in stimuli and stimulus-ditfereuces to obtain the 
value required : ttiey measure the magnitude of sensitivity and sensible 
discrimination in a relatively direct and simple manner. The error 
methods deduce the probable course of sensitivity and serwible dis- 
cHminaiion from a large number of judgments, on the assumption that 
the errors made in tlic production or estimation of given stimuli or 
stimulus-differences bear a uniform relation to the delicacy ofseositi* 
vity and sensible discrimination: the measurement of their magnitude 
is here attended with certain difBcultics. The methods remain essen- 
tially the same, however dÜTcrcnt the problems which they are called 
iqwD to solve. Our discussion can, therefore, most usefully be baaed 
upon this cardinal difference in procedure. 

Our «pace iar» not admit of • moie dcuilcd eiuniiutlOD of Ibe indmiliul 
piychopiiyMou mcuuicincut-Riethodt. The luuler may rcfci to Wunill, Phjrt, 
Psy<h., \\ Fcchocr. Eltmtnte der Piythsphysii, wui Rtviii«n der Haupt fiaiiS^-^ 
der PsychnphyUk ; and Moller. Zur GntHdltgHttg Jer Psyeh«phyt<l>, 1878. fl| 

The followiHE table of the »yrobolie expresiioos cipliiiinl in the previous pan- 
gnphs. and of tome olhcix which will be lued in what follows, nuy be of Mrviee 
to ttc student. 

T, ri, r\, r% . . , = atimiilus. (Any of the possible tnodificiitioiis 

of stioiuliu may be thuireprtsenled; sümulus 
fbnn or stimulu» iutcnsity, stimaliu duratioa 
or stiiuulua [ipBlioI] iiuguitude.) 
. , ^ stimuliu-diffeieiicF. ^H 

^ i3ilTrrcii<:e limcu. ^| 

^ lliniuiiis timm, 
^ mbtotulc magaituile of seosible dltcriminatioi]. 



^r = D=^r — r\, n — r* 

5 ^jusl nottteibli Af 

6 ^juat noticeable r 
A', s 
A-- S^ 

r r 
N 
V 
M 
MP- 
JUV 



= relative magnitude oficnnbledisaiaiioatioa. 

^mlandard stimulus. 
^■timolus of comparisoo. 
^ariduDctital mean. 
^ tntan rariatioD. 

:= ichitlve delicacy of icntltlTttr. 
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^ reUtive delicacy of Musiblf düariminatioD. 



^ snblinrioal (unnottceabkl sttmulos oi sbmiiliii-diffcreace. 

^ rupcalimia«! (more tbna jusi Dotlceable) »tl> 

mulus or iliniiilus^ilTeFcace. 

Sabfecttre or tppttrmt cqutity (likcDc;«) oT stimuli or ttimuliis-diStTcnceji wc 

dull deaotc by the sgo |||: lubjcctJTe oi appucDt duTcreaoe in the *ente or'^icalec* 

("itraaga*, etc) by >^: «od mbjecUve or «.ppoient diffineoM in the kdm of 'leu* 

fweab«*', «tcj by <. 



k 



§ 7. The Gradation Methoda. 



I. Chaiacieristic of all the gradation methods is the contini] 
of small, mmoticcable changes of sümuli or sti mulus -diffetencea Iti^ 
coostant düoction, tintU a conesponding change takes place in the 
judgDWDl of the obxetvCT. Thus, if we set out from an objective and 
sotqective equality of »timuli, and seek to discover at what ))oinI on« 
of them becomes jmt noticeably dilTcrent from the other, we shall 
take a lar^ umnber of short ste]is in tlie direction of difference, and 
DOte at what objective point of change the subjective cognitioD of 
diflerence aiiscs. It is not necessary to bring reasons in support of 
this slow advance, since the accuracy of determination must obviously 
be propottioDal to the number of values bordering upon the required 
value which the obscr\-cr lias opportimity to judge. The delicacy of 
physical mcasurcmcnu enables us to make our steps com{)arativeiy 
vay small. Their number and m^nitude are, as a rule, in^-enely 
propoitional to each otlier. How large they must be, or how numerous 
tiiey may be, in a particuLir case, will depend upon the mit^iiitude of 
sensible discrimination or sensitivity. To minimise the inllucnoe of 
expectation, fatigue, and habitwttiun, it is usual to interpolate but few 
Slq>s,~ perhaps five, — between two different judgments. Thcstepsarc 
best made fairly large at first, and afterwards diminished, so that th« 
lerel at which the change of judgicent takes place is dcQncd as ao 
ctnately as may be. The judgments themselves should be recorded 
at one«, under the immediate inßucnce of the impressions, since they 
are meant to be simply a reproduction of these, and must not admit 
any modifying or reinforcing extraneous processes, — or, in other words, 
iiDce the indirect sensitivity and sensible discrimination are meant to 
be, as ^ as posaiblc, a true copy of the direct. If an assured judg* 
meat a for some reason impossible, the crpcrimcnt must be ropeat«d, 
and no reliance pUced upon the recovery of the lost assurance by 
wfleciioo and memory. 
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3. But the Htniting value which we obuin in this manner cannot 
be rcg»rtle(l as fumUhing in itself an adequate measure of sensitivity 
and sensible disctiminatioD. For every fiesh step in the direction of 
the icquiied change of judgment adds to the probabilily of its occur- 
lencc, so that, as a general rule, it will take place earlier than might 
be expected under nonnal conditions. The chief psychological cause 
of this phenomenon must bo sought in expectation. The subject 
knows that the stimuli are undergoing continuous allctalion, and that 
tlie object of the experiment is to bring about a change ofjudgmeot. 
He naturally inclines, llierefore, to let his judgment change. In certain 
cases this tendency can be compensated by the antagonistic influence 
of habituation. But wc can never be quite certain that the cliange 
of judgment really corresponds to the just noticeable alteration. It 
was, therefore, proposed by G. E. Müller that this method should 
always be combined with a reversal of procedure ; that when the first 
change of judgment had been eflfected, the esperimentcr should work 
in the opposite direction, from a supraliminal value of the object of 
judgment back to its oHginal value. If, for instance, we began with 
the subjective equality of r and r, , and brought about a noticeable 
difference between them by a gradual alteration of r , we should after- 
wards begin again with a clear difference between them, and gradually 
diminish it until it became unnolic cable. The new judgment of 
equality in the latter case must, for the reasons alleged above, come 
somewhat too soon, i.t., the objective diScrence be too laige, Theiv 
by taking the mean of the two Ar, we may hope to have obtained 
a probable expression of the sensible discrimination. If this cumbi> 
nation of procedures is to be o( any real worth, however, the number 
aiid magnitude of the steps must be the same in both directions. To 
ensute this similarity, in cases where the method begins with a 
supraliminal stimulus or stimulus-difference, Wundt proposed further 
that the experiments should be continued beyond the point at whidi 
the judgment changed to one at which the stimulus-difference was 
quite clear, and that the reversed procedure should start from tliis 
latter. Under these circumstances the number and size of the stej» 
can be legulated with a fair degree of certainty. 

3. It will easily be understood that a procedure by gnidation, 
such as we liave here fetched, is equally useful for stimulus deter- 
mination and stimulus comparison, for difference determination and 
difference comparison. It is, therefore, an undesirable usage which 
distinguishes a method of just noticeable differences or of least dif- 
ferences from a method of supratiminal differences or mean gradations 
and a metliod of just noticeable stimuli and equivalents. For these 
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of name do not correHpond to diflereaces of method^ but 
iMrely to diileiences in the object uf inquiry. The procedure is 
precisely tlte same in all the speciul methodical developments. The 
BBethod of jiut notioeuble or least dilTcrcnces consists simply in its 
application to difTcicncc dctciminatioD, the method of supmlimiiia) 
differences or mean gradations in its application to dilTcrcncc com» 
paritoo. In the same way, the method of just noticeable stimuli 
^jplies it to stimulus dctennination, that of equivalents to stimulus 
compansoD. The titles in ordinary use are further undesirable, for 
Ü1C reason that they make it appear as if values like S, r |ll ^,, 
etc.. Could not bo dctcnnincd in othci ways, by meai^a of the error 
meibods. We shall, therefore, in what follows, treat of the procedure 
by gradation under the single rubric of the mtihoii of minimal ehuages 
(WuQidt), and indicate its apjiliciibility in dilTerent departments of investiga- 
tion under tlie fuuiheiuling» explained above,— stimulus dctetmination. 
stimulus compaiison, diifcrcnce determination, and dilTerence comparison. 

I. The Method of Minimal Changes in its Application to 
Stimulus Determination (Method of Just Noticeable 

Stimuli). 

4- Fig. I gives 3 schema of this method. Magnitudes of the stimulus 
CDipioycd in the investigation arc supposed to be arranged in as- 
ccDding order along the vertical All, extending 
bom the subliminal (at A) to the supraliminal 
(at B) through all possible intermediate stages. 
The eiqietimenis begin at ^_ The stimulus r is 

changed, by very small positive laerements, lutB 
the judgment it made that a sen.tation is present 
to cotkscioutncss. The corresponding ^itimulus 
«aloe (6,) b entered in the experimenter's record. 
Froa this point on the increase is continued, by 
<iaick remo%'es, not q>ecially noted in the schema, 



. . — «. 



stimulus r b reached, «rhicli is clearly 
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avqnalhninal. Now begins an alteration of r by 
»oy small n^ative incremenli, wliich is continued to unnoticeabilily, 
ML, until the jud^ent is made that there is no longer any sensation 
pnaeot. The corresponding stimulus value (€J is again entered In 
die record. Taking the mean of the two values 6, and S^ »c have: 



e, +S, 



= 6, 
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the stimulus limen for the parlicular scries of observations. The 

nombcr of constant and accidental crrore to which sensitivity is liable 

renders it desimblc lo repeat the scries several times o^-cr, and to 

cakalatc the average of the various lim ina.— provided that they do 

not show ajiy constant increase or decrease. Moreover, the method 

muat begin alternately with ^ and ^ in these series, for the elimination 

of a possible constant error attending the choice of either. 

This method of stimultu determination admits of application to all 

those limina of sensibility which we hare already mentioned (§ 4. 8), 

at well as to the limits of modal sensitivity. Suppose, t^., that we 

arc determining llie intensive stimulus limen for pressure sensations 

at the tip of the finger. We b^n by placing a weight of i tage. 

upon the aur£icc of the skin; then 5 mgr. ; and then 4 mgr-, — at 

which point the subject notices a gentle pressure. We then pass to 

7 and 9 mgr., with which latter the scnsatioo of pressure is tolerably 

clear. Travelling in the opposite direction from 9 to 7 and onwards, 

we find thai 6 mgr- arc not Doticcd. The pressure limen is then 

6 + 4 

= 5 mgr. The magnitude of sensitivity for pressure stimuli at 

the lip of the finger would conse<]uenÜy be \: since sensitivity in 

general may be regarded as ^ — . 

II. The Method of Minimal Changes in its Application 
to Stimulus Comparison (Method of Equivalents). 

5. The schema of this method, given in Fig. 2, is very similar in 
appearance to that of the former. The stimulus magnitudes here^ 
however, need not be restricted to the Urnen, 
but may be all supraliminal. Wc denote by r 
the standard stimulus, which remains constant 
throughout the experiment, by /■, the stimulus 
of comparison, which is to be made equal to 
r. The method begins with a value of r,, 
which is clearly smaller than r; tlien passes, 
by the familiar short steps, to a judgment of 
equably (ascending); proceeds by quick re- 
moves tu an r,, which is clearly greater than r; 
and there turns back, continuing until a second 
judgment of equality (descending) occurs. The 
mean of the two corresponding stimulus mag- 
nitudes is taken, and may be loukcd upon as 
For the climiaation of constant errors it is neces* 
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to vaiy the starting point of the whole procedure, but 
he tonpoial or spatial posiiion of the two stimuli. 
Tliis method may also be employed to teat al! kinds of sensibility, 
and to measure the modal sensitivity in the case of difTcicnt observers. 
r We nay put the matter in the form of an equation: 
f Sensitivity : Sensitivity, = r^-.r, 

vfaich expresses the fact that the sensitivity of one observer (or of 
one portion of the aldn, under certain circumstances} stands to the 
smsittvity of another observer (or of another portion o( the sldn, 
ander other diminslances) inventety as the apparently equal stiiDuU 
oorreqxmding experiments. Suppose, t^., that the pressure sen- 
with stünolation of the lingcr-tip is to be compared with the 
sennthrity with stimulation of the back of the hand. Let a 
of 5 gr. on the former serve as standard stimulus. The 
appBotioo of the method as described above may give 3 pressure 
of 2 gr. 3S its cqui^'alcnt. The sensitivity of the back of the hand 
is then 3^ limes as great as that of the finger-tip. From this we 
can calculate that the stimulus limcn, which we found to be 5 mgr. 
for the lingcr-tip, will be 2 mgr. for the back of the hand; in other 
words, that the sensitivity is here \, while it was previously (.—The 
prodoction of minima] stimuli and of minimal changes in them is 
often to difficult that stimulu.<t comparison, with its application of 
sopraliminal magnitudes, has been very extensively employed to test 
acDBtivity. It must, hon-ever, be remembered that only those stimuli 
Aould be chosen for comparuon wliicli can be readily and certainly 
jndged, and which can claim the relatively largest noticeabUity for the 
rdaiively smallest alteiatiorui. Stimuli which are too weak or too 
strong, too small or too targe, too sliort or too long, must be avoided; 
though no more definite rule« can be laid down.— It is customar}-, in 
physical photometry, to make the subjective equality of two uniformly 
variable light intensities the criterion of their objective equality. In 
«ach wofk, the method of minimal changes might ser^•iceab!y be 
employed, and the precautions which it siiggests profitably ubscrved. 



The Method of Minimal Changes in its Application 

to Difference Determination (Method of Just 

Noticeable or Least Differences; also termed 

Method of Minimal Changes, in the 

narrower sense). 




b. The just noticeable diilerence between two stimuli can be detet^ 
acd in two ways, by * gradual increase and by a gradual decrease 
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of llie stimulua of comparison. This twofold procedure (schematücd 
)D Fig. 3) gives cwo ditleicncc Umina, which am tcnncd the fpptr 
(J' = r, increiLSed) and the Itrwtr {V = t\, decreased) reapectivcly. 
The usual »biriing point of Uie experiment is the appareot equality 
of the two stimuli (r ||| r,). The increase and 
decrease of r, must be regularly alteinated, 
for ihe eltmiuatioa of constant errors. 

Suj>j)ase that we first of all make r ->■ r: 
the stimulus difTcience is recorded as & f'« [*]. 
We then increase r, to A^; and from that 
point return to r, ||| r, or the apparent dis- 
appearance of the dilTctence (recorded a> 
&r"J. We thus have 



f 



rt^r- 



r,£j-- 



4^- 



— — irIU) 



(0 



= A»"b ^ Se; the upper 



(2> 



Fig. 1. 

Ar'. + Ar". 



f>,lr/» difftrtnt« limen. 

We then go on to decrease ^, still further, 
to the apparent difference r, < r. which wc 
record as A^» [*]. From that wc pnaceed to 
a A^; and then again return to an apparent 
equality, at the difference Ar'',. We thus have 
=Ar« = &; the levitr differtnet limtn. 



From these two we can determine 



Ü) 



= S; the mean differtnee limen. 



If w« make r + S. = r« and r — .^ = r» «re obtain 

(4) r, — 5 = r» + 5 = Ä; the atimatien value of the stimulus 
r, and 

{5) ± iH—f) = A; the estimation error or tsiimalion differtmt. 

Substituting hi equation (4) tlie original expressions for r, or r. and 
S, we get the following for R and A: 



(5") 



A = 



•Jo »J* 



^ 



If A = o, i^., St =£ £., wc have found constancy of the absolute 
sensible discrimination : if A ü positive, i.t^ S, > Su, a decrease of 
the absolute sensible discrimination with increasmg r: if A is negatire. 
tjt., Sf <: Sn an increase of the absolute sensible discrimination with 
\*ioo 'oiM'. n •( s 'aadv'. 
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ioataang r. In the first cose R = r, i.t., r is concctly estimateO ; 
IB the second R > r, i.t., r is overestimated; in the third R <. r, 
ie^ r k uDderesiiraated. Sensible discrimination can, therefore, be 
(spcnscd in tenn» of R and A, as well as by Sn, Sk, and S. 

y. But the metliocl can be employed in attll more ways, and gives 
■till other tc»i-values. Thiu, in ca-se» where it is desirable to ascer- 
tain by a rapid procedure the dependency of sensible dLtcrimi nation 
on the magnitude of the stimuli, it is sufficient to determine the upper 
diffcicncc limcn only. Again, it is not necessary to begin at r^|||r; 
a siqnaliniiDal Ar may be made the starting point. This will be 
apccially convenient »here r, \\\ r docs not correspond to r, — r, owing 
to constant errors or other ciicunistanccs. Again, to dtminatc conatanl 
enois, the experimenter must vary not only the temporal or spatial 
pesitioD of standard stimulus and sllraulas of comparison, but al.to the 
direction in whicli *^ is »Itered. If he starts out from r, [|| r, t,g,, he 
iBiBt begin by increasing r^ as often as he begins by decreasing it, 
and arrange the order of his determinations by reference to the bcgin- 
lüag. Farther, Ibc course of sensible discrimination can be expressed 



but by — 



and 



— , which are 



not only hy S„ S^ S, C^ und ti, 

lenned limiaa of rtlalim. If -^ = P» is the upptr limCD of relation. 



I 



and — ^ Vm the Imetr, then 



V, .V, 



-yph 



¥ 



the Buan limcn of relation. These values are used in particular, 
»ith — -, — and — , to ciiatacterise the relative sensible discximi- 

An tUostratioD will serve to make the matter clearer. Suppose that 
have a standanl <itimuluii of oo gr. given us, and that we are 
to find tlie stimulus of comparison which is just noticeably 
different from it We apply first standard weight and then variable 
weight to the surfece of the skin, and note that at r^=<^ gr. 
two stimuli arc judged to be subjectively equal. Gradual increase of 
r, then leads lo a f , ^ r (i'.*^ to i*^ at 95 gr. A further increase, to 
100 gr., makes the dtffcrcDce very apparent. Gradual decrease of the 
100 gr. leads to a r,|||r {f.t., to t",) at 97 gr. We thus have 
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= f, = 96, and At,. = % — r = 6. Continuing to decrease 
beyond the limits of the judgment of equality, we obtain a »"i < ' 




ycittiNB 
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(i.t., /«) at 85 gT.; and theo, TClurniiig from 80 gt. upwrards, ai, BIr 



(m., r^m) »t 84. We thus have 



r'. + r'. 



■■ ru c= 84-5, and &r, = 



Ar* + A»-« _ 
r — r„ = 5-5. Averaging, we get ^ =^=575, while 

_5 p 

r, — ^=je=90-S5,and tlierefore&=±(Ä— r) = + o-25 = -^ — —. 

The absolute sensible discrimination is therefore not constant, but 
decreases with increase of the stimulus magnitude. Whether the relative 
sensible discriminatior. is constant cannot be inferred witli ceriaintj-, 
as Ar, and Ar» lie too near together. A calculation o( tlie limina 
of relation gives v, = H> i^it = approximately ^, and consequently 
V = approximately \%. This makes a constancy of the relative sensible 
disL-rimin;ttiün probable. 

IV. The Method of Minimal Changes in its Application 

to Difference Comparison {Method of Supraliminal 

DiffereDccs or Mean Gradations). 

8. To determine directly the apparent equality of two stimulus 
dUTeienccs r, — r = A»-i and r, — r, = Ar,, it is best to employ the 
method of minimal changes in the manner schematised in Fig, 4. Two 
of the three stimuli (those farthest apart from one another, r and r,) 

are kept constant, and the third (the inter- 
mediate rj varied. A clear difTerence of 
Ar, and Ar, (say Ar, > Ar,) is cliosen 
as the starling point of the exjieriment, and 
r, iudeased, in the fjtmiüar way, until 



\S 



r, 



\ 



Jrt£.Jr, 



-Jr» ili.fr. 



-ir.zJr, 



— r 
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Ar, 11 1 Ar,. This r, is then further in- 
creased, until a dilTcicnce in the opposite 
direction is quite distinct (Ar,<Ar,); 
and then again decreased until the dilTer- 
ence becomes tinnoticcablc. In both cases 
the gradation can be extended to apparent 
inequality of the differences. The procedure 
gives four values of r^, the average of which 
is taken. If the two values obtained in the 
direction A ia li uit tenned r*, and i",, 
«nd the tn'ci obtained in tlie direction B 
Xo A 9XK termed I'm and t"^ the quotient 



is the naagnttude of r, which corresponds to 



A 



§ 7. TBB GRADATION METHODS. 

lbs pnibable subjective equaMly of the two difference». IfAi',>A»',, 
the absolute seiuible dbcntninatton has decreased with iocrcarang 
iBXgnitude of the itSDuK; if Ar, <A''i, it has increased; if Ar, <= 
Afp it has remained constaai. In the latter event {i.e., when 
'^'i II ^1 corresponds to Ar, = A»-,), r, must be the arithmetical 
Deui between r and r,. li, on the other bund, tlie relative sensible 
diKfimi nation is constant, Ar, must be :> Ar,, when the two are 
apparently equal ; the proportion being r: r^ = r^ : r,, or r, = V r . r,. 
The dependency of sensible discrimination upon the magnitude of the 
■imuU can. Ifaerelbre, be very »imply tested by the calculation of r, 
at the geometrical and arithmetical means of r and r,, and the com- 
parbon of these calculated values with the r, obtained by experiment. 
9. Difference comparison was introduced into psychopbyücs by 
Plateau. It bears Die same relation to diUcrence determination as 
is boime by stimnlus comparison to stimulus determination. It can 
be oscd with difference determination to measure sensible discrimina- 
tion, just as the two stimulus mcthnds can be used together to meas- 
we aens>ti\-ity. As a general rule, it is the more direct path to 
knowledge of the course of sensible discrimination. Moreover, since two 
ful Doticcabk differences may be regarded as two subjectively equal 
dUmncea, its results can be employed to check one another. Constant 
onus, dependent upon the direction of the experiments and tlie 
teiq>onl or spatial ]>osition of the stimuli, must be eliininated here, 
a» ahnys. by a regular alternation of conditions. With regard to tlie 
cfaoke of stimuli, it is usually beat to take sudi as present a oinsidcr- 
aUe difference. For (i) the relative accuracy of estimation is thereby 
incnased:— it has been found tliat the J/Kdoes not increase pro portion - 
alf to the stimulus differences; and (2) the greater the distance from 
t to r,, the greater are tlie technical accuracy and the possibility of variation 
in the procedure by gnidation. The statement made above, that it i» 
deniable to keep r and r, constant, and to vary r, until the two 
diSciuiLC* r, — rand r^—r^ are subjectively equal, is based upon the 
flIwi u Q t consideration that tlie sensible discrimination can be more 
oaclly determined if the limiting stimuli remain unaltered. The two 
difereo cq thus become mutually regtitativ-e; change in one means 
ainiAsDeotis change in the other. Lastly: It has sometimes been objected 
In die mctbod, that the magnitude of supraliminal sensation differences 
cuuiot be cxpcrimentaUy adjusted to allow of comparison either as 
b*ntn different observers, or for the same observer at different times. 
Bat a similar objection might be urged with regard to just noticeable 
KtutloQ difieiotces. And it is altogether irrelevant to the measurement 
of sensibie diictiminatloQ. Sensations and sensation differences cannot 
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be mcasuicd at atl (§ 6. 3—5) ; and any possible chang« that thoy 
may undergo is, consequently, wholly indifferent to us. 

We may again conclude with an illustration. Suppose that we have 
given us the pressure stimulus r = 15 gr., r, = 135 gr.; and that 
<vc arc required to find by gradation an intennediate stimulus r^ of 
euch a magnhude that the dÜTcTonce r, — r = Ar, U apparently 
equal to the difference »■,—»■, = A r^. We begin with r = 15, r, ^sA 
30, r, = 135. The r, is gradually increased, until subjective equalilj 
(Ar, III Ar,) is reached at r, = 42 (r'o). It is then still further 
incteascil, till Ar, > Ai", at r^ = 49 (»",). The same procedure is 
now repeated from r^ = 60; and r', found at 48, and r"« al 41. We 

thus have ^9 — :* 4_ _ ^^. ,-^ _ ^^ stimulus differences are 

4 
subjectively equal whcti r, = 45 gi. In this case Ar, = 30* A r, = 90: 
there is no constancy of the absolute sensible discrimination. The 
same result is reached by comparing r, with the arithmetical mean 
of r and »■,, — 75; it is too small by 30 gr. On the other 
hand, the decrease of the absolute sensible discrimination is directly 
proportional to the increase of the stimuli. It decreases in the ratio 
3 : I, while the stimuli form a geometrical senes with the exponent 3. 
But if the absolute sensible discriminalton decreases as tlie stimuli 
increate, the relative sensible discrimination must be constant We 

find, as a matter of feet, that not only — ^ = — p*, but r, = 

V r. «■,- Now we know already that a pressure oF 96 gr, is just 
noticeably diScrent from a pressure of 90 gr. It follows at once, that 
for 15 gr. 5 must = i, for 45 gr. S= 3, and for 135 gr. 5= 9. Tlie 

quotient — , which expresses the relative sensible discrimination, b 

therefore constant, at ^. This i«sut1 is in complete sgreement with 
the value previously obtained for »— H- 

10. There arc still one or two general considerations which must 
receive attention before our presentment of the procedure by grada- 
tion can be regarded as complete, (i) It must be emphasised, in the 
first place, that the method of minimal changes always implies the 
pmctdurt witi knowUdgt. It ia true that the direction of the first 
aeries of changes in difference determination, e.g., may not be clear 
lo the subject. But since tlie further course of the method is perfectly 
plain to any one Ihmtliar with it, when once this initial direction has 
been made out, it is better to secure uniformity of experimental con- 
ditions by following the procedure with knowledge from the outset 
AH that the observer has to do, under these dicimistances, is to 
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vgam aw contents of ht$ introNpection as inipariially and consdeD- 

^iatAf as possible. (3) It is further desirable lo keep the dirttiioit of 

migiat»! tonttanl, wherever the comparison of tvro or more stimuli 

B involved. By constancy of the 'direction of jtidgment' we mean 

oontant adherence to the rule that the second stimulus or stimulus- 

£BeceaKe b to be judged in its relation to the first; so that, if r, is 

Aa aeeond stimolus, r^., the expressions 'greater', 'less', 'cqnal' 

always signify r, > ', '^ <^ ''• '', ||| '• This constancy is valuable 

in two ways. (■*) It greatly facilitaies the naming of the introspective 

ocatenta, and seoires defmiieness and steadiness of attention and 

expectatioa. (^) It is a condition itf any real elimination of constant 

entKS. Ad increase of /-, as second stimulus corresponds to the 

jndgment 'greater'; its inciease as first stimulus to the judgment 'less'. 

Now nnce the time error ix certainly dependent, in part, upon this 

direction of jtxJgmcnt, it could not be really eliminated, unli-ss the 

Tute of con«Lint direction were applied in turn to each of the stimuli. 

We know nothing with any certainty, however, of the influence of the 

direction of judgment. Systematic experiments upon the subject would 

be velconte. 

II. OoT aocoont of the method of minimal changes has not in- 
chided any special reference to its applicability to the measurement 
oC the dtlitaey of sensitivity and sensible discrimination. The delicacy 
«r sensitivity and sensible discriminalion is measured by the inverse 
take of the MV\ and this is obtained by the calculation of the a^-cr- 
age divergence of a number of similar observations from their arith- 
Bedeal mean (g 6. 7, 8). Thus the MV in Method I. can be deter- 
■riaed by the combination of the various 6a or £■ of the particular 
csperimenlal series, and the 6; in Metltiid III., by that of the cor- 
rtspomding values of St, Sm and S: always provided that no constancy 
^ vanutiiKi is discoverable. A very interesting question arises in this 
CDBBedion, — that of tlie rebtion bet-ween the (absolute and relative) 
deBcacy and the (absolute aiu! relative) magnitude of sensitivity and 
seoafide discrimination. No systematic attempt to answer it has as 
jTt been made. 

It will easily be teen that in a procedure with knowledge, such as 
is pre s u pposed by the method of minimal changes, the mugniluJe and 
MHtJitr 0/ ih* graJaliens introduced must exercise a considerable 
inAiwncc upon judgment. The most characteristic efTccta are those 
pradnccd upon expectation and habituation. It has been found, t.g., 
in experiments by Method IV., that alteration of the starting point 
of the variable r, is regularly followed by alteration of the values 
^ f'a, etc, if the eubjcd has become habituated to a dcßnite 
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number of fiadations. This shows two things; the very great influ- 
ence of habituation, and the importance of strict adlierence to the 
procedure with knowledge which the principle of the method of 
minimal changes requires, if any valid results are to be gained by an 
examination of sensitiviiy or sensible discrimination. If the observei 
knows that the niunber and size of the steps will vary irregularly, 
he will naiutatly make allowances for the fact in attention and expecta- 
tion. This would seem to indicate that it is well not to accustom 
him to a regularly recuncnt munber of gradations. But at present 
we have not enough experimental material to enable us to decide 
willi any degree of confidence upon the best method of working, or 
to say anything definite as to the range and character of the influ- 
ences to which we have drawn attention. 

5 8. The Error Methods, 



I. The foregoing consideration of the gradation metltods has shown 
us that the accuracy of sensitivity and sensible discrimination falls 
very far short of the accuracy of measurement or production of stimuli 
in physics oi chembtry. Onn and the same judgment of equality, 
for example, may correspond to a whole zone of stimulus differences; 
a complete series of urmoticeable changes may have taken place on 
the objective side, before there is any awareness of their existence or 
direction on the subjective. It has shown us, further, that our obser- 
vations are liable to accidental variation, as a result of which the same 
judgment does not always recur at the same level of stimulus altera- 
tion in diflctcnt experiments. It is natural to regard these incon- 
gruities between the judgments of sensitivity and sensible discrimination 
and the "lijective stimulus values as 'errors', in the sense in which 
the vrord is used in nalural science; and to make their magnitude or 
number the basis of an estimation of the magnitude or delicacy of 
sensitivity and sensible discrimination. Thus the analogy has given 
rise to the two error methods : the melhoä of right and wrong casts 
and the mttkod of average rrror. In the former, a constant stimulus 
or stimulus-difference is made the object of judgment in a large 
number of experiments, each judgment recorded, and the proportions 
of the various judgments calculated. In the latter, a stimulus or 
stimulus-diäcrcncc is presented to the subject, and he is required to 
reproduce it; and ihe diSciCDOCS between standard stimulus and 
stimulus of comparison in a aeries ol experiments are employed for 
the detcnninatioD of the sensitivity. The range of applicability of 
the first metliod is pl&inly greater than that of the second, which 
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two or more stimuli, and ndmiu no jadgment except that 
of equality. 

}. If we a»ert ttiat the formulED employed in the mathematical 
AeoT7 of erro« of observation arc capable of direct application to 
p^>chophy3kaI inve.iligations, we obviously do so upon the assump- 
tion that the deviations from the most probable value in psychophysics 
arc of the same kind as the deviations from the probable value with 
which mathematics is concerned. The latter aic subject to the 
feDowiog general rules, (i) The errors must occur in CMiitinuoua 
gradation from o to ± u; or, since the n-limit cannot be defined 
with certainty, frcm o to ± oc. (The extension U indi^crcnt in 
practice.) In other words, the errors must not be of one definite 
magnitude or fell within a secies of definite magnitudes, but must 
appear in all the different magnitudes possiMe within the stated 
Units- (j) The larger errors must occur less often than tlic smaller, 
and the maximum of frequency must be attained by the error o. 
Postive ctTore most appear as often as negative; ».t., the sum of 
iB positive must be equal to the sum of the negative. We may 
;e it for granted that these conditions arc realised in what we have 
led the 'accidental variations' of sffnati-iiy and sensible discrimina- 
tioD : if onhr for the reason that the errors of observation with which 
d»e mathematical theory has principally to deal arc really nothing 
ebe than accidental variations in the judgments of this same sensiti- 
*tly or sensble discrimination. If, then, we are able to alistract 
&nm eoostanl variations, we may have rccouiBC for oui special ])uri>03e 
Dot only to the geiteral law of the distribution of errors, but alio to 
the special fatmuls for the probability of an error of definite nin;;mtude 
or of the error« within certain fixed limits.— We need do no more llian 
glance very briefly at the values and formulix which the mathematical 
theoiy o( eirois of observation employe 

TW nlstna Atqucncy of the varioiu eners am be betl IndlcAled hf ft cunt 
cf tbc fonii shown in Fig. 5. The aliKii.'^x gii'c the inogDitiidc of the errcin (4), 
dM onfinal« tbcii rcUtivc frequency or piobntiility. The curve icachei its maii- 
«BB tl the vshie 4 = 0. From this poloi il filli on eilher side, — lymme tricky, 
rinec Ike pratwlMlities of podlivc sad negative errors *xk equal 1 uid ipprcnuhes 
the atia of Ae abscisuc Bi^mptotically l>y a campUMtiTely quick detant. Tbe 
kUiIt« freqttesey of aa error of de6iiice magmtude or ii eiprtsieil by the «qua- 



and 



w = 
a 



K« 



.-*'n«. 



■«« A d^tci the 'meMiue of pred«oa* of the obsfrratioa (Omiss}, ■ cautaitt 
[•I W- ffUrwM-JuAi«/. pnbsbili^. 
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bearing in groeral an iovene r»tio to the mignilude of *a *nor, ä is Ludolf^ 
oujnbtr, Uli t Iho bMS or the DUnral iMarithms For et^o, W ^ ■■■■ » =, 
For oar puip^ci, it ii of more importADce to know th« prubabiliij of erroci which 




Ke between certun fixed limits. Since they ecmtlitDte a series with continaooi 
gTAdltlianx, (hdr lum tan only bp »presscil fay aa integral, ir we make ittf^f; 
the prob»biliiy of the errur» brlwecn iIib limiis o md -)-« U: 



^ BO 



J41 the ume w^iy we obUua : 



+ 00 1 /* 



And nmiluly, 

+ a will he: 



the relative freqaeoey of the errors betwecD the Units o and 



kli = t 






Ttäs iolegral may be regarded as the eipressioD of an area, which ia Fig. J i( 
haamled by the ordinalci aptia 4 = o and 4 = a. Its value has been caicuUted, 
uid a table of the vuioui vulu« of t coosinicled, in which the vain» of ff from 
t^o oDwards ore Kivca. Tbtu, if 100 observalioits have been taken, «e bave^ 
according to the tables 

[ no 



for values from / = to ( = 0-5 n W=ty$2 or s» «mOh 

„ / = o-s to (= i-o _ „ =0-3» „ ja , 

„ „ t=vo to /=f5 , „ =o-tj „ 1} H 

•• B n <=|-jto/=io„„ sso-ot , » „ 

How qolckty the probability decreases at the error» iocKMe is shown by the bet 
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[Jot the nnge of vala« /^)-o to f^ao Ihn« » only one error left io the 
of 100 obstmtion» (ji + 3» + '3 + * = 9^)- 
Fcdaer hu tomewhat fnodified tb« t^b k ^veo b the teit-booto of probkbiUty, 
fo the tpedal pocpMes of piychopbjrucs, wli«tc we an- (ouktii«] to dclcnniiie 
■be t= ht trom the relative freqaency of judgments mkile, and / = o a uiumed 
fin > otttam telaüri! niunbn of right cume. Ct. EUm. d. Ptychaphys., L. loS-lll; 
Jj/nn'mt der Hau fl funkle 4tr Piyehcphys,, 66 ff.; Abhandlung, d. Siitigl. SOe/u. 
Ott. d. Wia., XX- »06 ff. 

Gmm^ kw of «TTOC it itrictly vatid only for ui infinitely large nttmbet of otv 
wmtvwi A large number of eiperimciits mutt alwayt be made, if H i* to 
be ftMtWIj sppUed. ft is very necenary to prevent tlie co-opetatioEi of external 
pineal enort of *oy nugahode. 

!■ pbce of the mean varialion (J/JO. many eiptrimenten prefer to u>e the mote 
mine of the avtrage error (ifF) [*]i of tfae particular deviationi from the 
The formula it: 



Mir^y 



a.'-(-«.' + j.'... 



=v^. 



«ben it. St . . . . trt the varioui deriations from llie arithmetical mean, used 
mD|Kc(lvdy of llicit + or — rign; » the number of obscrvalions; and Z the 
vtp of MM Ulli I inn If m ii imall, it is usual lo introduce a correction into the 
Ibnnuli. by wridtif! « — ■ id ibe denominaloi insleml of n. 
The mcanin of prediion, A, and the AfE )Cand in the nntple relation: 



« = 



Sf/^yn 



. or JW/" = 



LaMf, Ifae probable emn (w) to defined as that nufnitnde of cirot which it 
M «Aen cx«e>Icd u not r««chcd; f>., for which the errat integral has ilie valne 
O^. The corrcsponding value of r io the table meatioDed above is 
r ^ o-(j6936 ^ *w. 

We cut abo determine » by the foUonring formula: 



0:674489 






«lieh pmappOM* the relation oblsiaing when the mimbei of experiments ii vny 






L The Method of Right and Wrong Cases. 



5. The method of right and wrong cases can be employed in as 
many trays and for ax many purposes a^ that of minimal changes. 
So br, however, the theory of it has been worked out only for the 
three rabtics of stimulia dclennination, difference detenniiuition, and 

(1] F = RliJer. error. 
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düTcicnce comparison; and in practice it has been principally used for 
difference delerminatioti. Psych o|>li)sicisis are, moreover, not so unaai- 
mous in their views of the mathonatical treatment of the cx]>crimciital 
data, the mcastire of sensible discrimination which the method affords, 
etc., as ihey aie with icgurd to ilie essentials of the method of minima] 
changes. It is not loo much to say that the theoiy of the method is 
still an open chapter, and that experiments by it have not yet bcco made 
in sufficient numbers to permit of our passing any conßdeot judgmeat 
opon the inistw'Oithiness of the values obtained or the true fimcUons 
of the method iu gencial. We caanot attempt in the present connection 
to till out theite tacunce, to appreciate the various points of criticism, 
or to modify the [ninciples of the method in accordance with our onm 
opinions. We shall only refer to the most iniporlant ctiscus»ons in 
the literature, and indicate the course wliich the mctlmd ordinarily 
follows in practice. The reader who desires fuller information may 
torn to the woti« already cited, and in particular to the articles by 
J. Merkel in the FM. SiuditN (VII., 558; VIII.. 97): Th*orttUcht una 
exptrimtnttUt DtgrUadung der t'thiirmethodtn. We shall further restrict 
our present discussion to the single case of difference determination, 
»ince this has received the largest share both of theoretical considera- 
tion and practical illustration. 

4. SupjK^e that we have a stimulus difference D = r^ — r^, which 
Vi very little ^ S; i.t., which caimot alwaj's be cognised, even with 
apparently equal concentration of the attention and under similar ob- 
jective conditions. (If we have no idea at all of the value of S, the D 
required can easily be found in a scries of preliminary cxperimcDta.) 
The subject is allowed to jixlge of this D, which is kept constant, 
say 100 times. In a certain proportion of cases the judgment will be 
conect, i.*., wc shall have /J||| + (^, — »-,); in a certain proportion 
it will be incorrect. *,*., the estimate wül be r, ^ r, or Z> 111 — (/■, — r,) ; 
and in yet another proportion wc shall obtain r,||)r, or.^|||o. Be- 
ades these three categories of judgment, the first few series of c]q>etimen1a 
generally require a fourth, for 'doubtful' cases; i.e., cases in which the 
subject cognises a diflerence, but is unable to characterise its direc- 
tion, — ill which /^lllifr, — r^). No special rubric is madeforthem, 
however; since (i) they disappear as practice advances, and (2) can 
obviously be counted, while they occur, half to the correct and half 
to the incorrect judgments. !f n is the number of observatioiu, tbea 
t+/+s = n['\ and 

<■' 7 + 7 + f='- 



^ 



^ 



[■] r s rititig, cMTvct: / — /ititdt, incormt ; g = gMth, «qDiJ, 



^ 



The qoestion now b: how we can obtain from the relative propor- 
lioBS of light, VTODg aad equal caaes, a measure of sensible discrim- 
instion, which will give us numerical statements of its magnitude 
md delicacy analogous to those furnished by the method of minimal 
cfaang»; how, equation (l) being given, and t)ie size of D known, 
«e can arrive at a general formulation of this magnitude and debcacy- 
Fechner has aiu^-ercd the tatter part of the question, and G. E. Müller 
the fotmer. 

5. The seiuible discriniinution in diffeTence detenninaäon can be 
measured cither by S, the difTcrence limen, or by the mean fluctua- 
tioD, MV or MF. The first thing to do, then, is to discover from 

(he ralues of—. — and— foi some particular D, the value of ^ = & 
nun 

In the same way, a value must be found, which stands in a definite 
idition to the MV or MF, Now when we were calculating St and S^ 
by the gradation method, we were led by the consideration of certain 
sources of error to make them the mean between the first noticeable 
diflercnce and the first unnoticcable diflerence; and we accordingly 
deSoed £ as that stimulus dilTeren<!e whi<:h (x>nstitute!t the limiting vahie 
between the noticeable and the unnoticcable (cf. § 7. 2, ö). Apply- 
ing this definition in the present case, wc may say that 5 is that 
stimahis dificrcnce which is just as often cognised (correctly judged) 
at no* cognised ^ocorrecüy judged). The probability of a corre« 
cstonatioo (rf J fa then equal to the probability of its incorrect esti- 
natioo: each = |. Wc can, therefore, designate 5 (on the analogy 
of the probable error) the probable diSerence limen. And this gives 
VB the first rcbtion requited,— that between S and the three classes 

of judgments. For J}= S, we must have — = — — = J. 

fl tt 

Again, we have just seen (§ 8. 2) thn MF and A stand in the 
simple functional relation of inverse proportion. The delicacy of 
sennble discrimination can, therefore, be measured directly by A as 
well as in«-cncly by MF or J/^'. It is only necessary to be quite 
sure, in this case also, that there has been no con»derablc interfer- 
ence of ctron independent of sensible discrimination; in other words, 
that * really expresses sensible discrimination, and not possible irrcg- 
ulaiitics of a technical and physical kind. The same caution appUä, 
fcr tiiat matter, to the measurement of the magnitude of sensible dis- 

oinünation; the ratio — = t must be wholly ascribablc to acddeolal 

soutces of error which are internal and not external. 

6. At this point wc make the assumption that the occuireoce of 
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r, /, aod g cases is subject to the law of error; thai it js due Xo 
accWcntii! errors that a constant D is sometimea cc^tsed, somelimes 
incorrectly jutigcd. We may imagine that positive or negative errors 
arc algebraically added to D, making it a + J3, o, or — D for sen- 
sation, according to circianstances. Every error is, therefore, express- 
ible by a /> magtiiludc. and the probability function of the r, f, and 
g cases is formulabtc as though kD, and not h t, were the / for 
the relative numbci of cases in question. We thus obtain the rela- 
tive number of r, /, and ; aa a function of / = iDi and by the aid 
of the equation found above for D ^ S and of equation (i), reia- 
fotced by two other determinations, are able graphically to represent 
the course of the r, / and g cases according to the law of piobabiU 
i^. Fot ^ = o we have to assume an equal probability of r and 

/ i'.*., — « — . Now for — /> the / cases become r cases; for + 

A It 

D the r become /. It follows that the relative number of / for a 
negative D obeys precisely the same law as the telntive number of r 
for a positive ^,— an / case being defined in general as that in which 
^ III ~ ('■« — 'i)- ''^^ curves of the r and / cases will conse- 
quently intersect at O = o, pursuing symmetrica! paths in opposite 



directions. Lastly, the g cases are found 
•■ + /■ 



a 

by the equation — ^ 



The three curves are accurately represented in Fig, 6. The ordi- 
nales represent the numbers of llie particular cases, the sum of which 




O-o B-S 



t4S 



Fig. 6. 

is I»; the abscissae denote the t^hD given in Fechner's fundamenlaT 
(able. To avoid disturbance of the regular course of the curves of r 
and /cases, the teim misemployed for all cases in which />||| + ('', — r,), 
and the term / for all in which /7||| — (r, — r,), 
7. If we giant the hypothesis that the foregoing discussioa is ia 
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pbce «hen referred lo .sensible dücriminntion and its expression in 
the three dases of judgmenls, we may lall in the aid of the law of 
ptobabtlity, and sltall find do difficulty in cocutructing formula from 
which to cakruJate the S and h for a given stimulus and a definite D. 
Siqipose that D > S, — as can be seen at once by the increase of 
r esses over 50 p. c For the observer, D^^D^i; where i indicates 
A« positive or negative error which occasions the different judgments. 
An r case will obviously occur when D is positive, or negative and 
in abeoiute magnitude <z.D — S. The relative number of t cases la, 
ttenfbre, = the probability of all positive 4+ the probability of ttiose 
~i vbkh are smaller than D — S: that is — 

\ r D-S 1 t 



■''A 



An / case will ocmr, when t is negative and in absolute magrii- 
tnde '^ D -\- S. The relative number of/ cases is, tlietefore, ^ Üie 
probabüi^ of all { — >) — the probability of those — i which are snaUe 
than ß ^ S: that is— 

Eft) f=i-B'=l 






Pit. 



I 



Finally, 3 g case will occur, when 3 is negative and in absolute 
nugnilude > D — S but <: ^ + Ä The relative number off cases 
is, tbeiefbfe, = the probability of negative i within the limits D — S 
»aä D + S: that is— 

U) s-=W =^ {(-'•dt. 

In Fechncr*« fiindamcntal table the appropriate t = iD is given 



for every — > ffjo. 



For — , the value of / for the equivalent 



mast be looked fbr in the table. If the first / is written /,. as in 
«qnatioo (2), and the second /,. as in equation (3), we have: 
A(D — S) = /„ and 
i{i) + S) = /,: and. therefor^ 



1;. 
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8. The practical applicalioa of the method is a reiy simple mMmc 
We will again h^ve recourse to pressure sen^atious for our ill nana lioo. 
Suppose that two pressure stimuli, whose magnitudes are to be com- 
paicd, aia giveu soccesstvcly upon the same portion of the skin loo 
times u^-ei. Let r, = 90 gt., r, ^ 99 gc-, and D, theiefure, = 9 gr. 

We obtain 65 right, 10 wrong, and 25 equal cases: i,*., — = 0*63, 

- = 0-10, and -=o-25. For - (in this case > o'50, i.«., D •> S^ 
If It ft 

/+g 
we find /, =0-2725; for i — =, /' =0-9062. Hence A =007, and 5 

(approxhtiately) 4*8 gr. Constant errors, dependent on the temporal 
or spatial arrangement of the compared stimuli, can be eliminated by 
a regular alternation of their positions in an equal number of experiments 
within each exjierimenla] series. The eltminatioii is most successfully 
accomplished if t}u; mean of the ^, and /, values is taken, instead of 
that of the individual r, / and g cases occurring under the different 
spatial and temporal conditions. 

The method admits both of a procedure with knowledge, and a 
procedure without knowledge. The extant investigations seem to show 
that cither can be followed with good results, though a half-way 
procedure leitds to great irregularities of judgment. To secure a procedure 
without knowledge in regard to the D of the inquiry, it is customary 
to interpolate blank experiments, with /7 = o or a negative A whose 
frequency and position in the series are unknown. The judgments 
made in these blank e.\pcriments can be treated by themselves, apart 
btMn those which constitute the principal object of the invesu'gadon. 
It is always imperative that the number of experiments be large, since 
there is otherwise no justification for the distribution of judgments ia 
accordance with the law of probability. 

For the application of the naelliod to ttimulus dittrmtnation, cf. 
G. E. MQllcr, l/t&er die MastbeUimmungeK des Ortsinnis der Haut 
milUb der Methode der riehligea und /aUtkm Fälle (Pflüger's Arthiv 
für die get. Physiologie, XIX., 191 fl.), and Fechncr, U^tr dta 
Mithode der richtigen und falschen Fälle in Anmendung auf die Maa- 
beslintmungen .... des RaiuKsinaes {Abhandl. des Kgl. Sacks. Ges. d. 
Wiss., XXII., III ff.). For its application to differtnct comparison, 
cf. C. Lorenz, ünltTSUcktmgen über die Auffassung von Tondittanun 
{Phil. Studien, VI., 26 ff.), and F. Angell. Untersuehungen über dit 
Sekälvtng »m Schallinleniitäten nach der Metkode der miuUrnt Ab- 
stufungen {Phil. Studien VII., 414 ff.). 
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oA^ be«n nid liut tbc method of cight and vrong: cuct <t Uie btM 

I pqFdwflhjrticil nmsmanciil-niclliQda. The ilatcment cjuidoe be ucceploil 

*tndi: and tfaat aol otiljr bcenue of die Toy krge Dumber of experiment« 

Bwq ol red. It ü tnie that mntSmnaticnl ingoiaily \i most ttrikingly eridcnceil In 

uBe derehipment o( the theory o( this mcihod; bnl it is stili »n open queiilon 

«betba ike applkalioa of the law of probability is jaitirublc. Evca now ve 

on pcoDt 10 cdtais facti and arf^mtots which tust doubt npon the valtility of 

dnt ira fat (be magaitiule cJ snuitiirity and senxible disctimtnatioD. 

(l) No MxouQl has l)«ii taken of Ihe important difference betweca direct tmd 
inSract «noiünly and «nnble discriminaticiD. If our assomptiaD is that the 
■nwut «tinaiiWHliScraioe is produced by the co-operation of positive or nega- 
fi*« OTOn. tint CU only mean that the mm/i'sn-dilferen« is po&iiive, ncgaÜTr, 
Ot Ot and that acoon&ngly r, /, and g \ ud^ents occur. But three can be no 
q»Mtiou tkat any one of these judgments may be recorded in conie(|ucnce of an 
aeddntal mclinatkni towards or preparedness for a certain judgment calegory, 
vUfcosI ifaa MDsation-diilcrenc« hanng necesiarity undergone a corte>pon<tin|[ 
(fanfsv A* s BUIter of bcL inslances of a habituatic-n of judgment have been 
obuBiiul: aod It Dveda do proof to convince us thnl they c«nn<i( be sobäunicd 
tWf-hand 10 GauH' law. But lliete i> mw fact in particular wbicli points to this 
■uuigl^ty between the dttect and inditfcl wnulivity and eeuiible discrimination. 
Wc ^oold «ipeet, oa the law of probabilily. that with inciosc ol D there would 

be eBetted, boides an tncrease of — , a more ipcedy diuppeatance «f — than 

ii fl 

d' ~. Foe the eriors which arc luppascd to octation llic / judgmenis, are 

pm c j ihaa those which cauM the judemect g. In practic«, however, and («i>eci- 

aVf b the procedme without koowledje. it has been found, not only thai -^ i» 



fldtoatilf iBaller than 



^^«Mtoatar iBa 

■Ettari 



/ 



but also that as the stimuhu-diffcteu« iacrcues — dla- 

ft 



— . This fact mnsl he taken in connection with that of the 

n 

«f dw 'doubtful' cases, mentioned in the text: Judemenis, In which the 
«abfect i* deatiy eontdoo* of a difference between the sensation* compared, but 
b ^Hbk to deletmioe Its direction. Althounh these equivocal ditTcrence judgments 
4o Krt G^K in the tepolt as a special category after a certain slacc of practice, 
AA' iBÜnence does not by any mtoni cease to make itself fell. On the con- 
Vtrf, tbe relative preponderance of the / cues clearly indicates it. The ptcbaliili- 
laa (lut aa equivocal difference judgment is transformed into a deünile r oi / 
«tc abevl e^ual; the probability that It ia registered aa g exlreniely slight. That 
h te ny, / ca*M may be looked lor whemer the equivocal difTeteacc juilcmentt 
w* piaaiMt, tjt,, with all tlimahu differences which are too laiB« to evoke judg- 
BOH* of tqoallty. Thcae oomideralions hate led to the pvopoMl of two limit» 
—4 Bmen of right cases, and a Urnen of undecided cates. At any raw, the lact 
hn nothing to do with any alleiation in the masnitudo of a woMtion-ililTrrenee 
If '*TVtT*r''T «nan of obitTvation, — Th« dcttnnlsalion of th« ptopoacd limea of 
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I the goim! cocDilinn ol difTcrence eannol be ccally nrricil oul. if only Ua Ih« 
icamn thai the 'donhiTuI' Judgment» oeaa in pmclji« rarely u>d iirpgulaitjr. 

The only way of copiOK with this incoiigruily betwtcn the g ow^s nod th« r 
Had / csiei U that roUowcd by Merkel in his Mrlhodt dir GUsclihtits- und 
UHgUuhhtttsfällt, UnforlUDately, the pioccduie is cbl worked through with 
locicnl coniequcDCc. The inequa'ity cases are ideiitilied Willi the r, and po^&ibla 
/ Includcil in the g judgniEDts. 5 cao only be determined on thin method if 
rxperfmcnt» are made for at leail Iwo dlflereat D, uid then (be £ obuined ^ni 
th* nmllant valuci by interpolation. 
Thli modiücBÜDn <A Merkct's i«, howeret, psycbologicaUy regarded, an imptovemeat 
r npon the method of r and / cmö m ordinarily tindcrstood. Besides whith, it 
\ doe* away with the inappropriate and misleading tcmii 'right' and "wrong". BM 
it iliU leave» the qucsiion of the relation of the direct to the indircrt scnsiliviiy 
and sensible diiCtiminBlioa open, and so fail» to mtfit the objections urged again» 
the »pplioibilily of the law of error. Their incongnuly gives the reason for anoiher 
fact — ihfti the «mployment of difietent D has led to the osctiplion of different Taliio 
la S. Thii reiull is not dae to a dependency of sensible disfrimioatian upon 
the magniltidc of the /> (r, remaining the same), occasioned perhaps by a dif- 
feicnl degree of ittnin of the attention, but is an attiloct of the method. If 
with increue of D the ^ cases decrease more rapidly than the ycasc» — the 
ditpiopoition beginning from somewhere about the point at which D=^S,-~-\X it 
dear that the value of S for u larger D caunut be the ume as its value for a 
«inallcr D. But that mikei it ijuite doubtful, in what telaiion the calciüated 5' 
really stands to sensible discrimination. In any event, the conclusioD of our pre- 
tent discussion must be that the merthod of tight and wrong cases is not to be 
placed on a higher plane than the gradation methods, which furnish us with 

direct information of on incompatabl;^ more reliabte kind «a to the magoiiudc of 
Kusitiviiy and leniible diiciiminaticin. 

(>) Gkots' law postulates an cqwl distribuuos of positive and negative errors, 
knd a maximal probability fat the error o. It it again only in certain cases, not 
by any means always, that these postulates hold for sensible discrimination. For 
in&tonce, it ii not invariably true tliat with a Z>^o the g asrs ire the most 
numerous. And sensible discrimination for a stimulus decrease is by no means inva- 
riably the tame us sensible discrimination for a stimulus incresse. If the relatire 
tensible disctimination, and not the a'bsolule, is constant, the probability of negative 
Rrors must be greater than that of positive, it being assumed that the r, /, and 
g judgments am dc|wndenl upon their co-operation. In the aame way, the increase 

of — on dther ride of the limit where — = * will obviously be conditioned by 

the absolute (or relative) sensible discriitiinalion in a manner which can hardly be 
brrmgbt to light at all by the method of right and wrong cases. The various 
modes of ovttTstiroatiou and undeiestimatiOD. which can be so simply demonstrated 
by the gradatiOD melhodl, are more or 1m* «metaled under a general law of etror, 
which is made the principle of distribution of the separate judgments. All thia 
■hows, again, that the method of minimal changes, with its freedom from potto» 
UU* of > law of «rror, etc. ia DOt omly more simple, but also better applicable to 
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Ac iktnsilaatioD of Uic RMgnltnde of «eositlTlty >od i«asible diicrimbHUAn, than 
u tbi BirtEMd of lifht ami wroog cams. 

(j) W« mun notc^ locv Ihat die theory of «rrors of obtovatioa etpljciüjr 
ediCoM dl* ootion of 'itd<l«nUl error' lu those devialioDs from the most probabi«. 
■■■ laltw^ Ae cuuts of which att imknnwn, or at leut iDdciermimible as regards 
tbär Mfwnia 4eET"s »t InHueacc. Thus it ii quite usual to speik of the iiti- 
peHfctioa of lattnuncBls, or the unteiiajniy of perceptions, without goiog ini» 
debib cOocemtaj; the reuoos for thit impeifcctioD aad tiocerljüiiiy oi their torn- 
\ßuü i* importaacc. and without drawiot; auy accui&t< distincticiD between external 
•oarCM of «rrOT ta the apparatus, and inlemal sources id seoutioa. The only 
Wtiiiiiliij hypolhesii tiiTolved U, that the nuBibct cit soutccs of error and ofthni 
pinrtMi (ooDectioai romaiDS corulaat. Bat scnsiiivity iqi,! sensible diictiiniiiBtioa 
m DM mbject to 'accidental error»' in this seu&e of indeletmiaablc variation». 
Oa (kc omtrary, the CDodittoni under whidi they exist, and the iaßueocei vhich 
ibctc oondicioi» exen upon Ihent, are made the object of eUborale invotignlioa : 
tod ibc procedivc which gives as the most unequivocal and unlheoretical iaforma- 
twc Raiding them Is, therefore, absotiilcly the bcsL It is accordtoEly lulvisable 
to p o Mp one the eiamlnalion of the magratuJt at tensiliviCy and icniible ditcrim« 
imöoa by ihc mclbod of right and wroog cases, until we have acquired such a 
OMMve of pooiilire knowledge respecting iu laws aod condilioi» as will enable us 
to work oiU, b theory and ptacUce, a celiable error method; one which, while 
tahiag aacoMiit of atl these phenonieDs, shall be adequate to the acddental vsrittioi» 
ifcM Hill rcniaiD. — The measure of ptedsioD. A, is, as a constant, independent of null 
niittKXUL Tliis simple Riathemalicol fact makes it probable that the above coniid- 
mlMEU do not apply to k. And in practice It has been fonnd, that M remains 
oixhaoged with iDcieaH of D, prorided that the other expenmental conilltinns do 
Dot my. A (ncmre of the Jtlüacy at «eniitivity and sensible discriminatloci esD, 
tketcfare. be obtained ftom the method of right and wrong cases, even as ordi- 
aMÜy employed. For thii purpose, A may be determined by the simpler Fech- 
prottdnre : Ihc appropriate t ^ hZ) is found in the fmidanicntal table for 




[ the pDnkalM — 01 ^ and A made = -^. CC Klmpfe : Btitrggt tur «- 

frrimfnlrlUn PrU/uHg iltr ittlheiU itr ricAligtn und faüthtn Fällt (PMl, 
Stmdttm, VUL, JII ff.); Brans, t/ibfr Jit AsiigteichuHg tiacülüehtr Zählungm 
« der ftythtpAyiit, (PAit. Studün, [S., I If.), 

n. The Method of Average Error. 

9- The procedure in the method of average error consists in the repeated 
reproductioQ )>7 thcsubjcctofa given Etimuliu or stimulus difTcrence;i>., 
in the collection of records of r, ||| (a given) r, or A»-, ||| (a given) Ar,. 
It t>, therefore, only applicable to stimulus comparisoti and difference 
eomparisca]. A stimulus detennination or difference dclcrmination in 
dte absence of the sliinulua or difference to bo detcmiined—if the phrase 
ii permissible— would scarcely be possible, as the jtist noticeable stimulus 
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and the difference liraen are limiting values, not to be obtained by any 
voluntary predisposition, however frequently repeated. Hitherto, the 
method of average error has been applied only to stimulus comparison; 
SO that nothing more can be said of its applicability to difference com- 
parison than that an affirmative judgment is warranted on general 
grounds. Its sphere is still luithet limited by the fact that it can only 
be profitably employed in cases where the imion of subject and 
experimenter in one and the same person is easily practicable and the 
results of the union sufSciently trustworthy. This second condition is 
best realised by the choice of stimulus magnitudes which allow of con- 
tinuous alteration, passing through all possible gradations within certain 
fixed limits; a finite niunbcr of steps may very well give occasion to 
constant errors of picdLsposilion. It is funher desirable thai the stimulus 
alteration be eflccted not only without trouble, but mechanically, 
witlioul making uny demand upon the attention, and that no particular 
adjustment be consciously or unconsciously given an advantage over the 
rest In other words, care must be taken that the subjects judgment 
is altogether dependent upon sensitivity or sensible discrimination, and 
is not affected by secondary circumstances. We see at once that the 
fulfilment of such a condition cannot always be assured; and thus 
have further reason for our opinion that the method of average error 
can only be employed without Kuspiciun in certain special cases. 

lO. The procedure in stinuilus comparison is exceedingly simple. 
A Stimulus, r,, is given. The subject is required to miikc a second 
Stimulus, r,, exactly equal to r, in sensation, ji times, These n 'error 
Stimuli' p (i^-s en t certain difl'ercnccs, in virtue of which they can bcsubjccled 
to matltcmatical treatment. If the separate error stimuli aro/j,/,, 

/, , and we take their average 

0) /^+/,+/»+--A ^^ 

F is the mean trror stimuiia or l^e average crude error. It helps us 
CO determine (a) a constant error 

(2) /■-n=±c; 

which measures the divergence of the apparent &om the objective 
stimulus equality. This constant error may be icfcrrcd partly to tlie 
temporal or »{latial position of the stimuli compared, partly to diSer- 
ences of sensitivity. To ascertain the facts underlying the two possi- 
bilities in the particular case, we must eliminate the time or .tpace 
error in the usual way, by an appropriate variation of tlie arrangement 
of the stimuli. If a constant difference between F and r, is stiii left, 
wc know that the sensitivity for r, and r, was different, i.e., that 
/-, was overestimated or underestimated as a^inst r^. The magnittide 
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[ analnity is then measured by r, and r, (= F\ just as in die 
c o nttpc m diDg gradatioo method, by aid of the equation 

Sensitivity, : Sensitivity, = r, : r, 
(J 7. 5). But /" is also employed (*) for the dctciminalioQ of a variable 
«nor. The mean variation or average enor {MV 01 MF) of the 
teparate enor stimuli b calculated : 



V 



(^ -/.)* + <-^' -/.)' + - ■ - (>•- /■")* ^ 



Thi» A« (or &M,) is th4 mtan vnriabU trror at avavgi purt}fmr. 
Like the concspondiiig MV (or AIF\ of the method of minimal 
changes, it futnislics a measure of the delicacy of sensitivity.— It has 
.hecn the custom to look upon this mean variable error as the peculiar 
. acssarement- value afforded by the method. But Wundt has shown, 
I that in the \-aluc of F after the elimination of the time and space 
[moOi which he terms the tnu «natanl tmr (/* — r,), wc have a 
easore of the magnitude of sensitivity, analogous to the A of minimal 
' Ganges propci (§ 7. 6). 

11. The simplicity of the procedure just described tenders a Fi^re 
needless- We may, tlicrcfore, jnucecd at once to conader an instance 
al its appticatio«. Prcstuic stimuli will hardly serve om purpose, 
Ke a continuous increase or decrease of pressure intensity could 
only be cflocled by the help of special and complicated apparatus 
(d. 9 above). Wc will lake the comparison of distances by the eye. 
Soppose that two faorisontal distances are marked off by fine, »noolh 
fines. The left-hand distance, 7V^, rem^iins constant at 50 mm.; the 
Lli^t-hand dtttance, V, can be altered by means of a finely threaded 
tCK», the turning of which moves the limiting line in or out. F' is 
aade &f)[iarenlly equal to // ten times ; and iu values are /, = 52, 

A = 49. /. = 50. /« =5i.A=52./e=50./t =49./a = 5>./. = 5'. 
/,, K yx We then have F=^$o-5 mm., C= + o-5, Aw = 0-9. To 
aKotain whether the constant error ts not merely accidental, i.e., ilue 
to a chance Bucluation of sensitivity which the small number of 
öperiments would not suffice to compensate,— to a defect in the 
''operimeolation, rather than to any particular attitude of sensitivity,— »c 
calniiate oot the probable error, by the formula already given ^ 8. 2). 
This proves to be »24, »>., is -c C Wc may, therefore, suppose 
that what we have discovered is a true constant error; and wc proceed 
to delennine its special nature by elimination of the space error. — 
mth ngard to the right regulation of predi.spusition, we may note that the 
laii^ile stimulus must not be always changed in the same direction. 
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that il3 equality to N must not be obtained always from a higher or 
a]wa>'s from a lower value, but that the direction must be ^-aricd, so 
that equality is as often reached from one as fium the other. Another 
way of avoiding the error that might arise from alteration in a single 
direction is to move the variable stimulus to and fro la each experiment, 
until the point of equality seems to have been found with absolute 
accuracy. This latter procedure may, perhaps, diminish the value 
Am, I.*, educe a greater delicacy of sensitivity {of which Aw is an 
inverse measure) ; bat it has the disadvantage of making the determi- 
nation of equality tedious and more fatiguing. 

1 2. We may conclude by giving a comprehensive table of the values 
fiimishcd by the various methods, which are principally employed in 
the measurement of sensitivity and sensible discrimination. 
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% g. stimulus and Nervous Ezcitatioa. 



t. Iha physiological definition of slimu/m is too wide for psy- 
c^ologfeal purposes. The physiologist means by stimulus the cause 
of a change in the state of the organism ; the psychologist means 
by it the condition of a change in consciousness. As every condition 
of a change in consciousness is at the same time an afiection of the 
organism, the psychological stimulus is simply a special form of the 
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phviiologicaL There is one pailkular class of physblogical stimuli to 
«faicb sll psychological stimuli (at least in man) may be subsumed; 
be stimuli, i^,, which piotiuce im alteration in the nervous system, 
an ' excitation '. We can, therefore, make our definition more con- 
atte, and say tl»at by x psycliological stimulus we mean the cause 
of a ncr%'ons escitation which is attended or followed by a change 
IB ctnsdousncss. The cause of a nci%'ous excitation of this kind 
may be (i) another ncn-ous process, {2) any other organic process 
aumected with it, or (3) a physical or chemical action external to 
(he (xsantsm. In any event, the word 'stimulus', in psychological 
as in phy^ological ooroenclaturc, always signifies a physical, measur- 
able process, «Aose nature wo more or less completely understand. 
Onr own use of the term so far has not been altogether unequivocal. 
We ha\-e spoken In the usual way of a 'just noticeable stimulus' or 
'stimulus-difleiencc'; and this usage may have suggested to the reader 
that the observer in the experiments from which these magnitudes 
«re derived, directly deteimtnes ur compares the stimuli or their dificr- 
eaces- Really, of course, the only objects ol the observer's estimation 
and perception arc the sensations which he experiences, not the 
ttifflu£ within or without his body. The phrases in question, then, 
most refer to the result of the observation, which is common propert)', 
not to the observer. The same hulds of the expressions 'stimulus 
dctenninalion' and 'stimulus comparison*. We prefer not to speak 
of 'just noticeable sensations' or 'sensation-differences', because we 
do not wish to embody in the terminology of empirical measurements 
any particular hypothesis of the relation between the direct and 
indirect sensitivity or sensible discrimination. To assert the notice- 
^Nlity or unnoticeability of a sensation-difference would be to assume 
at one« an incongruity between the direct and indirect sensible dis- 
crimination (cf. § 4. t)). The measurement terminology in ordinary 
DK is based siioply upon the corielation of judgment and stimulus, 
the only jjoki in the chain of dependency to which the objective 
investigator has access. 

7. Wc distinguish stimuli as exttntal and internal according to 
tbcil pbcc of origin. The former are physical or chemical processes 
ontnde of the observer's body, the latter conesponding processes 
within it. Thus, a concussion of the air which produces an auditury 
impresioo, or s weight which exerts a noticeable pressure upon the 
ikiB, would be an external stimulus. External stimuli are the peculiar 
inuiuiitents of experimental investigation, and the measurement methods 
whidt we have hitherto discussed employ them almost 
Internal stimuli are originated, «^., by the constant 
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metabolism, in the most different parts of the body. But as a general 
rule, these stimuli do not give ri^c to conscious phenomena, tmlcm 
the nervous excitations which the> set up are abnormal or espcciallj 
Strong. Intemal stimali are, further, occasioned by movements of the 
body or parts of the body: these appear to possess an extreme 
facility in the evocation of sensations »nd feelings. And lastly, n< 
V0U3 processes, central or peripheral, which arc not directly due to 
some external catisc, may be regarded as internal stimuli. ' Reproduced', 
aensalioos are referable to internal stimuli of this kind. 

External stimuli arc gcncrically classified as physical and ehtmit. 
The foimei admit of subdivision into mtihanüal (pressure, impa' 
puD), atouttie (periodic and aperiodic concussions of the air), thtrmi 
(heat, cold), optUal (homogeneous and mixed light), and tUeli 
(galvanic and ^adic currcat^- Magnetic stimuli, as such, have 
more cQect on consciousness than on the organism. The process 
organic stimulation which all these external slimuli initiatc—th 
process, tlial i*, wliith precedes the arousal of a nervous «cilatio: 
in a particular sense-orgun, may also be cither physical or chcmicaL] 
We, therefoie, apeak o( raecharucal and chemical senses, the formi 
including those of pressure and bearing, the latter those of tcmperati 
taste, smell and .tight. 

3. External stimuli are furtlier divided, according as their effect 
IN sptK'iiil or general, into adequatt (homologous) and inadequatt 
(hctcrologouf!) stimuli. It is characteristic of the former that they 
can only aifcct a particular sense-organ, and set up the excitatory process 
peculiar to it. Thus, optical stimuli arc ineffectual for the production 
of visual sensations imless they act on the eye (retina) ; acoustic 
stimuli arc taeffecttial, except for the car. Stimuli are inadequate, on 
the other hand, when tlioy do not bear any such definite relation to 
the sense-organ. The one lict of importance underlying this classifi- 
cation is that 'adequate' stimuli form a continuously graded scries, witln|| 
which Üie corresponding scale of sensations can be directly compared. 
The entire system of visual sensations (as we shall show later) can, 
*^., be correlated with ether undulations ; whereas pressure on the 
eye-ball, or galvanic stimulation of the optic nerve, though an "inade- 
quate stimulus for light sensations, cannot be brought into funcliunal 
relation with visifin over its whole range. Each sense-organ has its 
own adequate stimulus; the skin, pressure and temperature; the ear, 
concussion of the air ; the eye, rays of light : although it must be 
admitted that for taste and smell the adequate stimulus, which we must 
suppose to exist, has not as yet been defined in toirus of physics or 
chemistty. Any othei stimulus which can exdie the sense-organ or 
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Ibe tensoir aove will then be 'inadequate': mechanicsl pressure and 
taipKt for vision, electrica] proct-raes for the skin, etc. PsychophyMcal 
Muumnent of sensitivity and stable discrimination presuppose^ of 
coone, the einployment of adequate stimuli ; — of stimuli whose form, 
MieBgtfa, dantion und exteosioa coircspond moTC or less directly to 
the qiiality, intensity, dur&tion and extension of sensation. Defined 
in this way, the notion of stimulus 'adequacy' is not only sufBciently 
naquivocal, but acquires an especial «aluc for experimental psychology. 
We shaH, therefore, in «bat follows, make almost exclusive use of 
adequate stimuli in reviewing the functions of the various sense-organs. 
How these unequivocal relations between particular stimuli and juartic- 
t;lar scnsationt originated, — how their origin is to be explained, — is a 
qaeation which wc caimot attempt to answer here. 

4. The ntrvous tx:itation, which we have to regard as the proximate 
condition of a con^dous process, is a process of whose objective nature 
physical or cfaemical, we cannot give any exact description in the present 
i^iOtie of physiology. But this very obscurity has been a powerful incentive 
^^Bb the Investition of its dependency upon stimulus. There is only 
^noe kind of nervous exciution which leads directly to an alteration 
^Pb CDOsdouuKSSi and which is therefore of primary psycholnglcal 
i m p ooanoe, — that of the setuoiy nerves. The excitation of a motor 
aent results in a movement, i.*., a muscular contraction. The signi- 
ficance of movements is secondary (or psychology: they are interesting 
Anply as expicasiv« of emotion, as voluntary or automatic, as internal 
■timuli 10 the sensoiy nerves, as objects of perception, etc.— Nerve» 
arc further dassi6ed, topographically, as emtrttl (running their course 
vhhin the spinal cord or brain, the two 'central' ncr\'ous organs) and 
pth^tral (rtinning theii course outside these, toward the periphery of tlie 
body). — It b misleading to speak of ttnfrifugal and <tnirip»lal nerves, 
siDce DO nerve has its faculty of conduction limited to a single 
dnction. As a rule, however, the sensory nerves conduct centri- 
petaDy. the motor centrifugally, as the terminus of the former is the 
oentially situated otgan of consciousness, and that of the latter the 
peripherally litualed organ of movement. — The principal morphological 
comiluents of nervous substance are ntrv* alb an<t ntrvt fibra. The 
eelb {nerve cells, ganglion cells, ganglia) are found almost cxclu^vcly 
in the ocntial portions of the ner^-ous system, combining with the 
imwilar matrix (itself made up of ga-nglionic piocesses and the finest 
fanuBchea of the nerve fibres) to form the gr^ nit/anet. The strands 
of fibres in the central paits compose what from its dißcrcnt appear- 
ance b caQed the what subtlaiu*. 
5. Wc GUinot here discuss the histological stmcture of the nervous 
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system. The leader may consult Wundt'a Physiol, ^thologit, voL i., 
or the slAndärcl tieatütes upon anatt'my and physiology. We shall 
lefci in brief to the minute structure of the sense organs, as occasion 
demands : but our discussion will not be intended as a substitute 
for anatomical and physiological study, with books or in the laboiatory. 
And the particular facts of nervous physiology necessary in other 
connections to our explanation of psychological phenomena will be 
set forth in their proper places. For the present, we shall speak only 
of certain general facts or concepts which play some considerable part 
in the theory of mind. 

First and most important of these is the law of tptcifie untory 
tnergy. It is not easy to give a precise formulation of the law. The 
phrase 'specific energy' originally meant what we have indicated by 
out distinction of adequacy and inadequacy of stimuli : the eye waa 
the specific organ of vision, the ear of hearing, etc. But when it was 
discovered thai the excitation of a sensory nerve aroused ihe sensations 
peculiar to the sense, in the absence of direct stimulation of the peri- 
pheral organ, the specific part of the physiological function was transferred 
from that to Ihe nerves. This gave a specific energy of the optic neri'e, 
another of the olfactory, and so on. Later, the energy was specialised 
still further, and a specific fibre or terminal organ assigned to each 
of tlie sensation qualities discriminable within a sense department 
Thus the sensory cutaneous nerves were divided into ncn-es of ptessui^ 
cold, heat, and pain ; the fibres of the optic nerve into red-sensitive, 
green -sensitive, and violet-sensitiv«(!). The most recent obser\ation8, 
however, render the specific energy of nerve fibres an altogether 
improbable hypothesis ; and the physiology of to-day is, therefore, 
inclined to look for apeciiJly of function not in the nerve, but in the 
peripheral or central termini of the nervous apparatus, 

6. This view attempts to explain the fact that general or 
heterologous stimuli arouse in a nerve fibre the excitation specific lo 
its peripheral organ, by emphasising the effect of adaptation to parti- 
cular forms of excitation. The sensory nerve becomes accustomed to 
the function impoiied upon it by its connection with peculiar terminal 
organs. On this theoiy, that is, we should not speak of a specific 
eitergy of tlie sensory ncr\'C, but only of a specific function of it 
under given circumstances. But that phrase, again, is hardly admis- 
sible, since a ncr^■e which is brought into dilTcrent connections appears 
to give up its previous function al once, and to take on that which 
the new connections dictate, We are, therefore, compelled to regard 
the fibre as a perfectly indifiTeretit conductor, capable of quite difierent 
functions, i.e., of propagating or evoking quite different excitations. 
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aoording a> it terminates in one organ or anothei. It has not inaptly 'K 
been compared to a telegraph wire, which wiU ring a bell, move a 
pcodl over paper, or decompose chemical subslances, just as «e 
connect iL The effect of inadequate stimulation may now be explained 
in one of two ways : wc may suppose either that a peripheral otgan 
it soraehow directly aßected, — that when we are slimulaiing by the 
etoctric cuircnt there is an escape of electricity towards the periphery,— 
or (and thb is moie probable) that the cxcilaiion set up in the nerve 
B propagated to the tennioal orgarts. The mere fact that an inadequate 
ttimulus a able to excite the nerve between centre and periphery, 
while many adequate stimuli apparently cannot do so, can hardly be 
tnjed in support of the doctrine of spedlic energies. For (i) we do 
Dot find in general (hat ever}' physical or chemical process afTects 
others in the same way, and, therefore, must not expect that every 
Mimulus will necessarily set up a sensitive excitation in a nerve fibre; 
»hile (2) we cannot allow that the statement possesses anything like 
the untveml validity to which it lays claim. It has been recently 
dixovered, e.g., that the acoustic nerve is excitable by wave« of sound, 
after the extirpation of the peripheral organ. 

7. Looked at in thb way, the doctrine of specific energy is 
plainty do more than the regulative principle of psychophysical 
panUelisni — whid) says that a peculiar physiological process corre- 
tponds 10 every distinguishable conscious quality— applied in a particular 
department. Now there is nothing in the principle which requires 
these peculiar procc:i.<(es to ha\-e separate anutomical substrates. Its 
Ibrmolation in particular cases will be entirely dependent upon the 
actual phenomena presented by consciousness and the facts of bodily 
organisation as iMrcrUiined by natural science. Since we are able to 
analyse a clang, e.g., we must assume that there are special instru- 
ments of analy-sis to be found in the ear. But since we are unable 
to analyse a complex of visual qualities, we shall satisfy the demands 
oi theory by ii&uming that the changes which we remark in colour- 
tooe and brightncs arc occasioned by a diCTcrcntiation of excitatory 
proce a cs within a single anatomical organ. It would, therefore, be 
qmte wrong to imagine that the principle of psychophysical parallelism 
posits a specific nerve or a specific peripheral or central organ for 
each individual conscious quality. The principle simply requires the 
oorrdatton of peculiarities in psychical processes with peculiar properties 
of ncrvoos processes; the exact detennination of these latter it leaves 
to the neccssitks or discoveries of the special case. 

As to the localisation of the 'specific', in its first beginnings,- of 
Ibe cooditioD of the peculiarity of a nervous process,— we can hardly 



be in any doubt The latest anatomical investigations show that d)& 
sensory cenire« are very unifonn in structure; whereas the peripheral 
sense organs present obvious differences, which are plainly of impoitance 
for the differences in the conscious processes which they mediate. IT 
we continue to speak of specific energies, we must consequently localise 
them in the peripheral sense organs. Look at the two higher senses, 
and sec how admirably the structure of the eye is adapted lo its 
spatial duty, and the structure of the ear to its quahtative function I 
The specific significance of the external organs is also evidenced by the 
fact, that their removal absolutely prevents the appearance of sensible 
qualities in consciousness, while extirpation of the corresponding cential 
organs may to a certain extent be compensated by the activity of otheiB. 
8. We are, therefore, justified in supposing that the nerve fibres 
and their central terminations are physiologically indifferenl structures, 
capable of the most diverse functions; and that their specific character 
is imposed apon them from without. In other words, the excitations 
of the central organ are functions not intrinsically locahscd, but 
altogether dependent upon internal or external stimulation. But it is 
sufficiently clear that their connections must give them a deßnite 
form; and that practice, the repetition of the same function, must 
bring about a predisiwsition, more or less strong, to the performance 
of that function. This explains the large measure of success that has 
crowned the attempts of physiologists to determine the particular 
cortical areas with which the sens:ilions of the various senses and tlie 
different motor impulses are correlated. Such an area, or lotaUsation 

?• unlrt, is not to be regarded as tlie inevitable substrate of a class of 
sensations or of a sensation quality, on the same plane with the 
peripheral organ, but only as a condition of its appearance which 
has acquired importance in consequence of the accustomed ness of 
certain connections. An illustration is afforded by right-handed 
writing; the tight hand may be considered as a localised complex 
of conditions, but is not the inevitable substrate of the movements 
subserving pcnEaanship. 

^ We shall, then, in what follows, briefly indicate the cortical local- 
isation centres of the various conscious functions. But we shall make 
no reference to the particular paths of conduction, since a knowledge 
of the nuclei with which a sensory nerve is connected within the 
brain is psychologically unnecessary, however interesting from the stand- 
point of anatomy and physiol<^y. 

g. There is, however, one recent discovery of which mention 
must be made, as it seems to throw light upon many points of diffi- 
culty in the theory of sensation, — the discovery of sensory nerve 
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fbtcs with ccQlrifugal conduction. These have been carefully ex> 
animed in the case of the optic nerve, and tnajr be presumed lo 
«list in all the scnsorj nerve tnmks. Side by side with the sensoiy 
fibns, in the leual meaning of the teim, which take thdr ori^n in 
the petipheral organ and tenninale in the brain, there will then be 
another set of scnsoiy fibres, oiiginating in the brain and ending in 
the »aue-orjian. This foct helps to explain (t) the effect of inade- ■' 
<inat« stimalation upon the nerve stem. V/e may suppose that the 
excitation Is propagated along ceotrifugally conducting fibres to the 
{mipbety, and at that point makes itself known in consciousness by 
the ofdinaiy channels. At the same time there is no diflicully in 
the alternative h>'pothe5is, that the accustomed excitation is directly 
set up in the centripetal fibres. (2) The phenomena of after-sensation, •" 
which have only lately become known to us in detail, may also be 
brought into connection with this anatomical discovery. It has been 
fuund, t^., that an exclusively monocular stimulation gives rise to 
a sensation in the unstimulaied eye. This suggests the existence of 
a kind of sensory rcflex-arc in an optical brain centre. (3) It has 
been noticed, in almost all the sense departments, that a brief stimu- 
lalioD of the peripheral organ gives (o) a 'primaty' sensation, (J>) 
then a short pause, occupying a fraction of a second, and (c) finally, 
a 'secondary' sensation, of the same quality as the other. The 
SDOOession becomes readily intelligible, if we conceive of (he first, 
centripetal excitation, as arousing a secoud, centrifugal. Wc ha^'e 
BO need of the special hypothesis proposed for the sense of pressure, 
and mentioned below (g ta 7). (4} LasÜy, we may imagine that 
the 'centrally excited" sensations, — memorial images, as they have also 
been very inappropriately named — are at least in many instances 
fTiTTflatfKl with a co-cxcitation of the peripheral organs. We thus 
have a comparatively simple explanation of the fact that in certain 
cases these sensations may take on the character of peripherally 
exdicd mental processes (cf. haltucinadons and illusions). 

to. The nervous excitation is not exclusively dependent upon the 
istimolis, but also upon the nature of the nervuus substance itseli. 
Wc speak in this connection of tlie exdtahiUty of nen-es, and of their 
pciiphenl and central organs. A high degree of excitability denotes 
a qoidt aiu] ready reaction upon stimulation; a low degree, slowness 
and difficolty of reaction. These differences of excitability are partly 
indlvidaal, and so (apart Krom deßnitc pathological disturbances) inex- 
plicable in the present state of our knowledge; partly the result 
the variation of certain conditiorts. Thus wc are familiar with 
influence upon cxcit^ibiüty exerted by age, sunoundings, mode 
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and period of Ihe day. Any extended psychological investigatioD 
should, therefore, be carried out at the same daily liour, with indivi- 
duals of legular habits of life, and in the same surroundings. Again, 
excititbility depends upon the character of the stimuli which affect the 
nervous substance- Physiology leaches us that as a general rale weak 
stimuli increase and strong stimuli decrease cxdtabilily; while a 
diminution is also brought about by long duration and firequent repe- 
tition of stimulation. To secure the greatest possible uoifomiiiy of 
nervous disposition, therefore, the relations of intensity and duration, 
of stimulus must be carefully adjusted. — Many psychological phenomena 
m^ht be caJled upon to illustrate these statements, as, e.g., the lime 
«nor in the comparison of successive stimuli (§ 6. 9, § 31. 5), the 
aSective results of stimulation, etc 



A- PERIPHERALLY EXCITED SENSATIONS. 

Cbafteb j. The Quautv 07 So-satio». 

(i)The Quality of Cutaneous SensatioDS. 
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§ lO. The Seosation of Pressure. 

I. By peripherally excited cutaoeous sensations we imdcrstand 
ttOSatioiM pioduced by stimulation of the sensory nerves «-htch ter- 
tthate in the sVin. Our every -day experience teils us that these sen« 
ntioas are of three kinds — sensations of kiat, coltl, andprftsiuv. The 
object of their scientific examination is to discover (i) whether they are 
the only qualities correlated with stimulation of the cutaneous nerves, 
nd (2) in what relation they stand to one another and to physiological 
processes: or, in other words, (t) what b the coucsc of the qualitative 
sensitivity and sensible discrimination in the sphere o( cutaneous 
•ensatioD, and (2) what are the prmcipal conditions of the results 
iriudi they furnish. By "qualiiativc scnsitiviiy" we mean, of course, 
only the modal sensitivity; since the qualitative stimulus limen coincides 
IB cutaneous seiutation witli the intensive (or extensive and temporal), 
and theiefote sensibility cannot be dealt with till we come to the 
chapter on Intensity of Sensation. And our investigation of sensible 
dscrimiiutJon need be only of a quite simple nature, cutaneous sen« 
atioo apparently presenting a very limited number of qualitative 
oiSerences- 

Of tbe tped>] litcrature of aitu«(nu seniatioii we may mention tbc following 
Wotk«: 

KJI.W«b«r, Drr Tolln'in nnd dai Gtmtingefükl. Wagoet'p Handwirltrb. 
4er ykyiial., W... PL 1. p[), (»l ff. 

O.FBiike and E.Htrinc, TasSiinn vitd 4at Gemttngf/ukl : TnnfrrMtcrtaim. 
HcnuilA'i HarUbiuk d. PhytioL, III., Pt. 1, pp. 1S9 ff. 

M.BI». ExfrrimmUlU BtilrJgt ittr tMtiHg dtr Fragt Ahtr dir ifnifischt 
^t^fit drr Uantntntn. Zrilukr./. BseUgu, XX., pp. I4I ff.; XXI., pp. 145"'. 

AjGoUtcbeidCT, Nne TAaharJim ähtr du Haulninrintraen. Arxh. /. Aitat, 
M. PkjSML, 1B85. f%yiioi, MIk. SufflrmfHiid., pp. 1 ff. 
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M.Dcttoii, Ufitr dm Haulimn. Artk, /. Anat. H. PhytiaL, 1891. Phytül. 
Abl^., [i|T. 17s ff. 

2. Thai pressure sensations are evoked by the contact of foreign 
bodies with the skin, and temperature sensations by its heating or 
cooling, everyone will agree. But it is a matter of dispute, whether 
we can distinguish differeni-ea of quality, wiihiD the category of ■ press- 
ure.' Certain observers have enumerated, as qualities of cutaneous 
sensation, sensations of touch, contact, tickling and itching, besides 
those of pressure proper, heat and cold. In discussing such a view, 
we must apply to«) criteria: (i) that of the simpiicity of the conscious 
process deoominated 'sensation', and (2) that of accuracy (freedom 
from extraneous suggestive influences) of sensitivity and sensible dis- 
criniination. 

(d) The dixtinction of sensations of contact and pressure is based 
upon two observations: that contact is not referred by the subject to 
excitation by external stimuli, whereas pressiu-e conveys to him the 
idea of his affection by some externa] object; and that gentle contact 
leaves the sensitive organ wholly passive, whereas pressure occasions 
a certain restätance, a certain degree of tension in the muscles sub- 
jected to it. Now the first argument forsakes the direct report of 
sensible discrimination, and seeks to establish the difference by 
emphasising points which are wholly irrelevant. It therefore proves 
nothing. That a sensation serves as the symbol, or brings u* know- 
ledge, of exiernal stimuli, may be due to its intensity, duration, etc., 
just as well aa to its quality. Nor is the second observation in any 
better case. Tliat a strong pres-sure excites with conscious effect the 
sensory nerves in the deeper-lying; organs, muscles or tendons, as well 
as the nerves of llie skin, does not make any difference in the cuta- 
neous sen.sation, but simply combines it with muscular or tendinous 
sensations into a complex, the separate qualities of which are, it is 
true, sufficiently difficult to analyse. 

J. The same objections may be urged against the other apparently 
distinguishable qualities, {i) We speak of sensations of touch, when 
Hie organ which receives the stimulus, f.g., the hand, moves towards 
or over the object ; t.^., when the application of the stimulus is to 
*ome extent active or voluntary. There is then a combination of 
pressure sensations with the sensations evoked by movement— sensa- 
tions of muscular contraction, tendinous strain and articular friction. 
It is again not ea-ty to analyse th« complex into its elements, and we 
arc accustomed to judge of it as a whole. But the pressure sensation 
involved does not imdcigo qualilÄtivc change. — The princijial judgments 
of touch are 'hard', 'soft', 'rough.', and 'smooth'. These include a 
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r nfetence not only to presBorc and to the senxations occuioncd by 
I mnvinent, bttt to tcmpoial and spatial relations and attributes of these 
I laaations. which ve cannot now discuss. 

Similailr, the 'sensation of double contact', which aiises when a 
Bovable object (stick or pencil) is thrust or pressed by the touching 
band against a second object, oi passed over its suj&cc, is meicly a 
oonplez of qualities: the pleasure of the slick and the resistance of 
the object touched excite the organs of movement at the same dmc 
with the ikiiL 

We find the taiaa explanation to hold of (t) tickling ami (</) itch- 
ing. They contain no new sensation, above and beyond the quali- 
ties oi pTcamre and temperature, but consist in a combination of 
these, chaiactcfiscd by rapid alternation of contents or of intensities 
of contents. 

Moreover, a thorough examination of the surface of the skin by 
means of a needle or horse-hair gives no other result than the dclcr- 
Dünatton of points more or less sensitive to pressure, cold and heat. 
The points of peculiar sensitivity to contact have been named pnw 
M» tp^. Weakly stimulated, tliey give rise to a delicate sensation, 
oAen accotnpai^ed by tickling; strongly affected, to a 'granular' sensa- 
tioo. Tlctling appears to be due to a diffusion of stimulation, and 
the conscqticnt production of conconiilant. sensations. The sensation 
aroused at points of the cutaneous sur&ce which arc not specially 
SOBitive to pressure is dull and indefinite. So that direct experi- 
■CDtal investigation gives no support to the view that pressure sensations 
pnaent really qualitative differences. 

4- But tliere is a fuitlier point, {t) Our sensible discrimination enables 
ns to k»cati«e cutaneous impressioi^s with a considerable degree of 
accani^, although we have no outside knowledge of the place at 
«bich they or^:inate. Thus at the tip of the finger we can cognise 
the qiatial separatcncss of two impressions, if the stimuli which pro- 
dace them are no more than i mm. apart. It is tempting to refer 
thia accuracy of localisation to qualitative differences within the scale 
of pressure sensations. There would be no need to assume that these 
di BCTcnoes increased with the dbtance of cutaneous areas from one 
■no^et; it would be lufGcient for the hypothesis if every cognisable 
local difference conesponded to a difference of quality. An approxi- 
male calculattoo of the number of distinct pressure sensations which 
this «iew renders necessary gives i lOO for the head alone, and at 
least six times that amount for the whole body. But if we try to 
abstrad, as &r as possible, from the local value of the impressions 
which affect different parts of our skin, we seem to Und aolhing like 
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a really qualitative diflcrcnce in ihe Mnsations. We should swrcljr 
expect, if all Ihc many local differences depend upon qualitative 
peculiarities, thai some sort of clear gradations would bo discoverable 
within the system of pressure sensalinns. As this is rtot the case, 
we must refer localisation to other conditions, and accept thequalita- 
livc simplicity of sensations of pressure. Further evidence is afforded 
by the localisahiüty of impressions of temperature (produced by radiant 
heat, without coDtact), No one would ascribe to our sensations of 
heat and cold a number of specific qualities, corresponding to their 
cognisable space differences . 

Finally, (/) pain has been held to be a special quality of cutaneous 
sensation, and pain nerves put alongside of the nerves subserving 
heat, cold, and prcasuie. The hypothesis has found its chief support 
among physiologists. We cannot accept it, as it stands: for pain is 
produced in all cases where the stimulation of a sensory ner^'C passes 
a certain limit of intensity. At the same time, pain may, perhaps, be 
regarded as a general quality of sensation, distinct from the specific 
qualities which are always involved in it (whether as intense heat or 
excessive pressure or grating tone or blinding light), and from the 
unpleasant feeling with which it is combined. The qualities which 
cutaneous pain contains, besides that of pressure, are therefiire, a 
specific feeling and a general sensation quality, which may be origin- 
ated by the excitation of any sensory nerve (cf, § 36. 4). 

5. We conclude, then, that in alt probability the name 'pressure 
sensation' denotes a single sensation quality. We have now to raise 
the question of the ptide of its peripheral origination. It may be laid 
down in general that both the external sliin and the 'skin', as it is 
ordinaiily called, which lines the internal passages of the body can 
mediate pressure sensations. Bui whether this skin can function as 
a sense organ over its whole extent must be left undecided. Some 
observers have asserted that the cold and heat spots are not sensitive 
to pressure and contact, and that certain parts in the interior of the 
body ate incapable of pressure sensation. But the truth contained 
in these views appears rather tn be that sensibility to pressure suflere 
1/ marked diminution at certain [ilaces. Pressure excitations can he sd 
up at any point of the skin, provided only that tlic stimuli are strong 
enough. < Of course, there is the ]x>säibilily that the stimulatioa 
extends, until it involves sen.Hitive parts.— No single proposition of 
universal validity can be formulated, for the reason that the natm« 
of the skin itself differs appreciably from point to point, and its nerve 
supply, the thickness of the epidermis, and other circumstances, may 
shift the limen of pressure «niations very considerably. 
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I Ad observation which has been quilc recently made deserves men- 
F tion here. It has been found that after brier contact, aßer sfitsatiom 
make tbetr appearance. They are separated from the primary press- 
ure sensation by a blank interval, just as arc the ai^cr-images with 
«Ucfa we have long been familiar in the sense of sight. They can 
be best obtained from a gentle tap with the point of a needle, and 
teem to move in the oppo^tc direction to the primary sensation, 
veOins up from within. If the atimulus is electrical, the break-shock 
of an iodtictiMi coU, they do not occur imless at least two shocks 
have becD givea in quick succession. 

6. A tkt^iy of pleasure sensatioa must state the specbl conditions, 
i^a which the appearance of the quality of pressure in consciousness 
is dependent Thisc condittoDs must necessarily be sought in spe- 
cific bodily dispositions and functions: since (i) it is impossible to 
derive the individual fact of a particular .sertsation quality from a defi- 
nition of mind, or from general (acuities and dispositions ascribed to 
lit, afid (2) the adequate mechanical stimuli are by no means tlie sole 
[&ctor3 in the or^nation of pressure sensations. We may look for the 
excitations which arc functionally related to these either in a peri> 
phenl organ and the nerves connected with it or in a central organ. 
Sensations have been obtained by direct electrical stimulation of cutaneotis 
Mives as well as by stimulation of the external akin. It would seem, 
therefore, that the nerve concerned in their production is only capable 
cf Ihc single reaction to which its connection with definite terminal 
organs has accustomed it. These organs, then, are the most essen- 
tial constituents in the complex of bodily conditions forming the 
l^^whswate of the quality of pressure. 

^H The skin consists of two layers, the epidtrmis above and the («lü 

^^Hrin^ The former is divided into the slralum (omtam aud the slralum 

^^H^^pbii the latter into the eoriitm and the subeulancam conntctivt 

tiumt. The corium is the part most Hchly supplied with nerves. It 

is probable that fine nervous pn>ces.ses penetrate Into the epidermis. 

The nerve endings are partly free, i.t., composed of very fine Gbtils, 

I partly enclosed in special cells. These latter have various forms, and 

are classified as the touch cells of Merkel, the touch corpatcles of 

UcbliMx, the end bulbs of Krause, and the corpuscles of Vater and 

Pacini. The thickness of the epidermis varies between 0*03 and 

ji ,375 mm. 

^B 7. The anatomical facts suggest a relation between pressure sen.sa- 

^Vtion and some one of these kinds of nervous termination. It was 

^f formerly thought that the free endings were only sensitive to general 

nervous stimnlatJon, while the specific terminal organs were reserved 
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for the cBects of pressure and temperature. But such a view is 
negatived (i) by the fact that the corpuscles of Pactni, touch corpus- 
cles and end bulbs have a much more limited range of distributioa 
than the cutaneous sensations; (2) by the observation that ^e cornea, 
which is »ensilivo to pressure and tcmperaiuic, contains only free 
nerve ending»; and (3) by the result of a direct comparison of cold, 
heat, and piesaure spots with the nervous strucluica underlying them, 
whicli showed that they bear no uniform relation to the terminal 
organs In question. The corpuscles appear, therefor«, to have no 
definite reference to the quality of sensation, but to be intended 
cither for the protection of the nerves or for the more accurate 
distribution and isolation of stimulation. On the other hand, Gold- 
scheider believes that he lias discovered a difference in the character 
of the nervous terminations underlying pressure spots and tem- 
perature spots respectively. In the furmer case, the fibrils are spread 
over a liirger cutaneous area, innervating a relatively extensive portion 
of the corium. It may be that this plate of interlairing fibres is the 
specific sulistrate of the pcrcc|>ti»u of pressure. 

The sensory nerves of the skin pass into the posterior ccdumns of 
the spinal cord, and there ascend in the white masses by a fairly 
direct path to the cerebral cortex, which they reach in the neigh- 
bourhood of the central convolutions. A certain proportion of tlieir 
fibres, however, enters the gray substance of the cord, where the 
origination and propagation of an excitatory process is in general 
slower and more dilScult. This fact has been used to explain the 
appearance of the after sensation. The excitation of the gray sub- 
Stance gives rise to a second sensation, but the relations of excitaUlity 
and conduction obtaining there arc such as to defer its appearance 
until a ntitireable interval has elapsed after the passing of the primary 
sensation, mediated by the while substance. (Cf., hotve\-er, § 9. 9,) 



% It. Sensations of Temperature. 

t. Temperature sensations difler from pressure sensäüons, which 
we have found to possess but a single quality tn consciousness, in 
including a duality of qualities, ktat and told. We need make no 
detailed inquiry as to whether these are the only fom» of temperature 
sensation pos^blc, since the foct is universally admitted. And there 
is equal agreement with regard to the general designation of the 
stimulus adequate to tlie sensitive organ. AH bodies which give out 
or take up heat in the physical sense, in other words, all thermal 
stimuli, are adequate to the cxdtation of sensations of heat or cold. 
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whether by way of direct rontaci or {as in the case of radiant heat) 
ti a|>antioa from a distance. Bat difliruhies arise when wc come 
I3 ask for th« spedal conditions of sensations of heat and cold. A 
Bi^le increBM or dimtnotion of temperatutc can change cither sen- 
ttäaa into its ofiposit«, the path of change lying through a point aj 
itiiftrtm* or »m pnnL (ThcTe is do analogy to Üiis fact in the 
^tacre of sensation, though there is a vci>' complete one in that ol 
fcdfaig.) Any temperature above this zero point will thus be a heat 
idmiilus, any temperature below it a cold stimulus; and the dctcr- 
■imtion of the zero point is, consequently, the first slcp towards th« 
dafinition of particular adequate stimuli. The physics of heat speaks 
of an absolute tero point (the temperature at which the tension of 
gases ^ o) and of a conventional zero point, establiahed in reference 
ta a particular snbatance (the temperature at which water freezes). 
NätheT of ih«m has anything Xa do with tlie point of indtfTerence 
betwe en sensations of cold and heat. We .ihall, therefore, spcalc of 
l}üs indifletcnt temperature as Üik phviiologieal atro ^int, to dbtinguiah 
il from the limiting values employed in physics. 

2. Our most obvious course would now be to take as our phy- 
siological zero point the neutrat normal temperature of the nen-e 
OMUngs which mediate thermal sensation, and to regard every 
inaeaae of this normal temperature as a heat stimulus and every 
deoease of it as a cold &ttmu!us. But, apart from (i) the difficulty 
of a direct determination, we tiave to remember that (2) the epidermis, 
a poor coodoctor of heat, intervenes between tlie external source of 
hot ca cold and the terminal nervoui apparatus, and tliat its normal 
■■■pcntUT^ whidi is variibl«, is idgcbraically added to tliat of the 
riioiDlos. Tben, a^n, (3) it is a familiar experience that the point 
of indifference between xcn-tations of cold and heat depend.« u])on 
the pimiat temperature of the skin ; or, in other words, th:tt the 
neatial nooaal temperature of tlic nerve ending is capable of adaptation, 
within wide limils, to the supcificial temperature. And (4) it is 
qnestionable whcilier the thermal stimuli as such give rise to the 
oonequnding nervous excitation, or whether the stimulation process 
proper is not rather to be looked for in the mechanical cRecU whidi 
warming or cooling of the skin prodaccs upon the nervous apparatus. 
Taking all this into consideration, wc shall probably do best to make 
tbe neutrally sensed, iKmoal temperature of the skin our physiological 
too point II will average about 34* C. Increase of this normal 
aAneoas temperature is sensed aa heat, decrease as cold. Each 
«matioD can be obtained in two ways; by increase (diminution) of 
flic beat supply, or by inhibition (fociUtation) of the output of titax. 
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3. TempcRiture Keiualions, like pressure Bcnsations, cannot be 
excited in the same degree at all points of the &kin. Thus there 
appears, as a rule, to be no direct sensaliun of cold or heat producible 
by diiect stimulation of tlie mucous membrane throughout the cesoph- 
3^18 and downwards to the excretory passages. Temperature sensations 
which wc localise in the interior of the body must be regarded as due 
to a change of temperature propagated from within to the external 
skin. Nor is that imiformly sensitive. A careful examination of those 
portions of it which arc accessible to experimentation has led to the 
discovery of points particularly sensitive to cold and heat, as well as 
to pressure. They can be found not only by thermal stimulation 
(hoUow metal cylinders, pointed at one end, ßllcd with a liquid of the 
required Icmpcraiure) ; but by electrical (weak induction cuncnt) and 
mechanical (pointed piece of cork) as well. Blix and Goldschcider, 
accordingly, speak of Aeai and eolJ tpott, and regard them as the 
peculiar lenuinal organs of the tcmpetatuie sense, and aa independent 
of the pressure spols. The heat spots, in Utelr opinion, are locally 
distinct from the cold spots. No cold sensation can be produced in 
the former, no heat sensation in the latter. These observalioni^ 
however, were not confirmed by Dessoir, and are theoretically so 
improbable that we may decline to accept them. It is difficult to 
know what to think of a cold spot, which when affected by a ther- 
mally inditTcrent mechanical stimulus mediated a noticeable sensatia 
of cold, and when carefully touched with a point of heated grapblU* 
gave a virid sensation of h«at._ The familiar fact of the adaptation 
of the nerve to the momentary normal temperature of the skin 
hardly be brought into harmony with the existence of special apparatnsl 
for the two qualities of the temperature scnse.^ It is, therefore, quite 
possible,— indeed, it seems to be shown by patbologtcaJ observations, — 
that the sensations of pressure and temperature are dependent on 
different nervous organs; but It is probable thai the sensations of cold 
and heat arc referable to different forms of the excitatory prooeaa^ 
within one and the same nerve. 

4, Not much can be said at present of the anatomical substntt 
of temperature sensations. There is no proof that any of tlte fourl 
forms of the terminal ot^ans of the cutaneous sensory nerves (§ to. 6) 

B has as Its specific function the tiking up of thenual stimuli. Gold-^ 
^H scheider's histoldgical examination of fragments of skin upon wbicb 
^H cold, heat, and pressure spots had been determined, led him to 
^^ declare that a characteristic difl'crence obtained between the ncr^-c ending 
I beneath a pressure spot and the nerve ending beneath a temperature 
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between the cold terminations and heat (erminatiooa assumed by hia 
Iheoiy. Thi» is noteworthy. Dessoir attempts to show that the 'free' 
Hn« endingis aie the specific organ i>f temperature sensations. It is 
<eruinly not without agni£cance- that the compact bundles of nerve 
tttfls beneath cold and heat spots are found in the immediate ncigh- 
teobood of Mood vessels. 

Not much b known, again, of the further course of the nerves which 
tooduct thcimal excitation, towards the centre. They probably ascend 
U the biain, liie the pressure nerves, through the postcHor columns 
ol th« spinal coid. The cortical centre, which was formerly thought 
^10 be in the gyrus fomicatm, is now placed in the gyrus sigmoideus. 
Aft« sensations of heat ha\-c been observed, of a kind similar to 
of preosuie. The blank interval between primary and secondary 
tt&sltioa amoonled to about t sec. It is, therefore, conjectured tliat the 
ibcnnal exdtxtion also undergoes dispersion into the gray Hub.ttance 
d the com (§ to. 7), and th«t there summation and retardation of 
itimutation take place. 

5. Presuppti^ng thai a single nervous organ serves for heat and 
cold sensations alike, vre may entertain various ideas as to the exd- 
utoiy process within it According to Hcring's theory of the Icmpeia- 
liue sense, two opposed processes, assimilation and dissimilatioD, run 
their couoe in the sensitive nervous substance. If they arc in cquilib- 
riom, they cancel one another : bat the preponderance of one or the 
other meaas the appeaiaoce in consdousaess of a definite sensation. 
The Mosatioo of cold corresponds to asai mtlatio D. which is produced 
by the sinking of the neutral normal temperature of the skin ; that of 
heat to d^^Uation, produced by the rising of this temperature. As 
Hering has assuaud the enstence of antagonistic nervous processes 
in other oeivous structures, t^^ the visual substance, he sh|>uld evi- 
deatly have mentiooed the specific characteri^itics, which exphin their 
pcesent function Cor temperature sensations. At the same time, the 
idea ftts in most easily to a theory of temperature,— since 
seosatioos do pass into each other through a point of 
ence, and do cancel one another to a certain extent Their 
ualogy with the feelings <$ 11. 1) explains how it is that the same 
id^ recurs in conneflion with affective theory (§ 41. 4). 

hsstng over general hypotheses of this nature, we may stqipoee 
that the rise or bll of the cutaneous temperature produces a contradioQ 
Of expanaioo of the jcrminal nervous apparatus, and so sets up an 
exdato r y process, which corresponds to the sensation of heat or cold. 
On thb view, there would be nollting surprising in the occurrence of 
%eparatc heat and cold spots, since the dilfeteni character of the tiisue 
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in dificrent parts might be exp>ected to olfer mechanical cooditioDS 
favourable sometimes to heal and sometimes to cold. Any attempt 
at further detail in this connection would lead us into idle coDJectUie. 

Th« pbfiioloe7 cS di« Ktisc-orEuiE iisuAlly tttribules to the alda, bnid«* Ihe 

«easci of pressure und tempnuturc. those of space, locality ujd touch; md Undi 
to regard pun {which il desigoules a cnniiiioii feeling, § 3- J) a> nseutülly ■ 
cutaneoiB quality. We must euler a ptotcsl, in the interests of dearcess and 
logical coniiiteocy, igaioM this extcnaion nf the meauiiig of the void 'sense*. 
The CDEDltion of spncul relatinns U not Ihe eiclodve privitege of the skin; — ve 
eiliQUte extent and dlslince, we peti:cive (oim and locality, by th# aid of eye ud 
movcmcot of ooi limbs, lo say anthing of ico^ations of smell aod hearing. The 
terai 'senic', as ordmariEy understood, and a£ used in paychophysica, can be employed 
only lo cover the system of sensations correlated with a deänite or^ao. As ih« 
seniatioQi of prcstute and lemperalure cannot, in the present slate of our know- 
ledge, be refemHl to spedol organs, it is best to speak of the 'ouaneous sense* 
in gCDCnil, as indusive of both dasscs of sensations, Dcs<oii*s proposed lenni- 
nologjr icti up a haptics alongside of Ihe (tmperalDre sense, and dislin^jiiishes 
within it a sense of conlaci and a sense of touch (psclaphesia). Here is displayed 
the tendency, which we previously c«ndemneit (§ 4, lo), lo oame sensations in 
accordance with Ihe eileroal processes of which they arc the symbols, or bum their 
physical conditions. The only unei^uivocal principle of nomencUtui« is thai based 
on the reference to the peripher«! organ. 

(a) The Quality of the SensatioBS of Taste and Smell. 

% IS. The Qualities of Taste. 

I, The mucous membrane which h'nes the cavity of the mouth, 
and the upper surface of the tongue aie not only adequately excit- 
able by pressure and temperature stimuli, but contain organs for the 
mediation of sensation« of an entirely new order — seiaations of taste. 
Id popular parlance we call all the sensations that are produced in 
the mouth 'tastes', and speak of a 'hot' or 'pungent' taste as we do 
of a 'sweet' or 'salt' flavour. And since there is such an intimate 
local connection between sensations of smell and tlie sensations of 
the buccal cavity, and both may be excited by the same atimtili, we 
are apt to attribute to gustation the (ai more numerous qualities of 
ol&kction; we talk in conversation of the 'taste' of fish or wine, and 
declare that we can ' taste' nothing, when the olfactory mucous membrane 
has been rendered anaesthetic by an infiammation. Even in chemistry 
and mineralogy, in which a statement of the gustatory properties of 
substances forms part of their scientific description, it is not infrcqaCDt 
to find this confusion of the functions of diflerent sense-organs. 
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The fit9X probtcm whkh psj'cHoiogy haa to solve, therefore, is diat 
of the qualitio of tute proper. Since this problem was foTmulatcd, 
Acre b» been a steady reduction in their number. Linnccm 
dictingaished ten, later obscn'crs xtx, while there is geoeral agreement 
ai the prcMnt time that four arc all that can bo claimed: nvttt, 6ii- 
Ur, ariJ and Jtt//. There are, however, some psychologists who would 
add alialitu and iiuiaUU to the list. 

2. There are two principal methods for the deteiminatioa of modal 
sensitivity, which we may term in brief the pkysUal and the phytM- 
«gical. The physical metliod consists in tlie running through the 
whole scale of adequate stimuli, and accurate observation of the luiniUei 
aUeialtOQS in coiucious iiuality. In die senses of sight and hearing 
it haj led to a iclalivcly exact detennination of the number of possible 
(esiaiion qualities. Unfortunately, it has so far proved altogether 
inapplicable to the senses of taste and smell, for the teason that we 
cannot define stimulus adequacy for cither sense-organ. We are 
ig&orant of the physical and chemical basis of taste; and when we 
ipeak of a substance as 'sweet' or 'bitter', we simply state the (act 
that Its effect upon the organ of taste is to arouse that sensation, not 
dmoting by the adjective a property capable of objccti''-e dcänitioo, 
independently of the sense-organ, like that of weight or heat. All 
that we know at present of tlie objective nature of gustatory aubscances 
it that they must be in a fluid condition, to produce an eflect upon 
the sensitive surface. But there ia. no <)efinite relation between degree 
of solubility and gustatory value. Solubility would seem to be merely 
a mechanical condition of the occurrence of a taste excitation, the 
ocnoos strocttues being set very deeply in the tissues. Not every 
fluid or soluble substance can excite gustation; while two substances 
of »try diSerent diemical constitution, like cane sugar [C , , H , , O, ,) 
and lead acetate [Pb (C, H, O,)'], may give precisely ihc same 
taste. 

3- More has been done for taste by the physiological method, 
Ifaopgh much still remains to be done. The mcdiod has tM-o forms. 
It comätt ([) in the examination of the entire sense-organ by means 
of delicate and cleanly cat iitimuli. Such an examination is only 
potable for certain organs. As applied to the skin, the method has 
led to the discovery of pressure and temperature spots. In tha 
of taste, it has shown that diHeiences of perceptive power 
as between the various parts of the tongue and buccal cavity, 
and has enabled us to map out the areas excitable by taste. No 
noTous organ, however, has as yet been fotmd, which serves ex- 
disivcly for the mediation of one particular taste. (2) In its altemadve 
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fonn the method consists in the excitation of the nerves by general, 
ina<1cquale stimuli. A gentle mechanical pressure on the root of the 
tongue will arouse the sensation of bitter, while electrical stimulation 
gives rise to acid and alkaline tastes,— probably simply in consequence 
of the electrolytic decomposition of the saliva. Recently, however, 
the induction current has been reported as exciting sweet and bitter 
also. Neither of the physiological methods has been able to furnish 
us with a complete list of all the possible taste qualities. 

My own □bsaratioiu Inul mc to Ihmk :hat thne arc only four gustatory qiuJi- 
ties. If I upply i metallic of alkaline lubslaiK« to my tongue, I ocvcr oblaiD 
mytfaing more tluii a ;al[ oi add ftuvour^apatt. of coune. from senEitlons of 
llBapcralure and of dÜTnent decree« of pressare. I should refer the utringency 
«f a 'tasli;' to the»* tatter. — No tuTCitJEator has been able lo discover ■ variety 
of qualities withiu any of tlic four principal categories. A very large Dumber of 
«»pjrimcQt) has been madi?, ilwayi with ntgativc resiill. As diffcieni kwe«t, 
bittet, acid and »It KubBtanceH were applied, the seiisntiou eilliei temiincd un- 
cluoged, or, if it alteied. did to only id respect of tuie inteoaity or the cuianeous 
■nd <Jfiixtory element» involved in it. 

.(. There is no indication of a continuous transition between the 
four qualities which ia.ites appear to ptescnt, as there is between the 
.'.^lalitics of tone si-nsations. They form, not a one- dimensional 
aianifold, bat a disiTCtc sy«em of imknown relations. Otdinary 
langtioge, it is true, opposes sweet to the other three qualities, but 
evidently oidy for the reason that sweet is pleasant, even at a con- 
siderable intensity, while tlie rest (and especially bitter) become 
unpleasant when they have reached a very moderate degree of strength. 
Relations of contrast, however, appear to be made out. The effect 
of an acid is enhanced by a previous sweet; and if sail and sweet 
are simultaneously applied lo different parts of the toDgue, each 
sensation is noticeably strengthened by tiie other. On the other 
hand, if two substances of different flavour are mixed, and the mixture 
tailed, tJie discrimination of the two original qualilie.s, thiiugh possible, 
is not so easy as if they aflecled different pans of the tongue at one 
time or the same part in succession. Such experiences are not as 
convincing a.« they would be if the possibility uf clieniical change in 
ihc gustatory substances were excluded. Still, they may be allowed 
to modify our original stalcment, that the directions of relation within 
the sj'stcm of tastes are unknown, to some extent: we may suppose 
that the four sensations do not come and go in complete independence 
of one another, but that there is some sort of connection between 
them, or rather, between their physiological substrates. These facts, 
however, righlly belong in the second main chapter of jwychot« 
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ogy, which deal» with the connectioiis of th« consdous elements. 

5. The parts of the buccal cavity sensitive to tasle are the tonguCf 
Ibo hard and »oft palate, the uvuU, and the palatal arches. Nni all 
of these are sensitive in all cases, and not all that are sensilit'e in 
&n individual cue are equally so. On the whole, the tnost sensitive 
pait seems to be the toot of the tongue- It is an every day cxperienott 
that if wc wish to bring out the full taste of a .«ulmtancc, we take 
It back to the root of the tongue, and execute certain movements which 
place it in contact with the greatest possible number of the nerve 
endii^ there situated. The tip of the tongue is for many persons 
almost exclusively excitable by sweet, and altogether insensitive to 
bitter. Tbc middle of the tongue is wholly irresponsive to gustatory 
stimulL The edges arc only sensitive in certain oases. Tiie state- 
ments made in the Utetaturc as to the sensitivity of median suriace 
and edge arc extremely conflicting. 

It seems that certain substances can destroy our sensitivity for 
particular excitations of taste. Thus a solution of cocaine hydrochlo- 
rate inhibits the wnsadon of bitter, while leaving sweet and salt 
intact; and gymntma silvtslre inhibits sweet in the same way. 

Nauua, which was formerly Inokcd upon as a gustatory sensation, 
is prolnbly an unpleasantneaa arising in connection with muscular 
sensations, which precedes vomiting and is especially noticeable when 
there b a tendency to (he vomiting movements. It has been found 
that an antiperistaltic reßex movement is necessary for the appearance 
of nausea, so that it can only be caused by .stimuli which excite 
that reflex. Such would be the mere idea oi unpalatable food, an 
unpleasant taste, or a simple mechanical pressure upon the root of 
the tongue. Any one of these can arouse the sensation of nausea. 
If, however, the unpleasant siimiila* is temfived by swallowmg, there 
b tw nausea. It cannot, therefore, be a quality of taste. 

6. A thtory of the qualities distinguishable within the sense of 
taste must in its turn begin wltli the cnnsideration of anatomical and 
phynologkal &cts. The terminal organs of the nerve of taste (the 
glosst^haiyngcal and the chorda tympani of the facial) are the tasta 
buds or taste bcalcers, structures consisting of cover cells and tast« 
cefls Eloper. These organs lie in peoiliar folds of the mucous mem- 
brane^ the drcnmvalble, ftmgiform, and foliate papillse. The former 
arc confined to the pasterior portion of the surface of the tongue, 
the other two occur both at the tip and on the edges, Taste beakers 
have also been found in the soft paUie, the larj-nx, and the vocal 
chords. Their dbtributioa accords tolerably well, therefore, with tli? 
remits of experimental deteniünation of the sensitive pans of the 
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cavity. It is doublfiil vhether the tasto cells posaesa a specific 
«aosilivity to particular qualities; their small size and close packing 
render experimentation exceedingly difGcult. OehrwaU stimulated his 
own fungiform papilUe separately, by the aid of delic&te pencils, and 
States that all proved to be sensitive to pressure, heat, and cold, but 
thai some showed a taste reaction only to certain stimuli. 

Wc cannot decide at present for or against the hypothesis of 
qiecial tenninal apparatus for sweet, bitter, acid, and salt. The 
contrast phenomena mentioned above do not fevour it. In any 
event, wc must assume that the excitations underlying these qualities 
have physiological differences,— although we are unable, as things 
ar^ to say wherein these differences consist, or what is the actual 
course of the process of stimulation. 

The central organ for excitations of taste was formerly placed in 
the gyrus hippocampi and the gyrus uncinatus. Recently it hasbeca 
transferred to the neighbourhood of the coronal suture, on the convex 
siutice of the longitudinal fissure. 

Literatim i — 

M. voa ViiitKligaui Pkjtsielogii dii Geicimaatssinnes. Hermam^ Bandh. tt. 
nystelfgie, TU., Abth. a, pp. 14s ff. 

H. Oehrwall, UnUrstickuHgrn über den Geschinacksaim. Siandinav. Arch, f. 
PSyiiol.. n., pp. I ff, 

% 13. The Qtinlitles of SmeD. 

t. The organ of smell is situated in the upper portion of the 
nasal cavity. Important as the sense is— it has been termed the 
guardian of reepiratioo, and it certainly shares with the sense of taste 
the wardship of digestion— wo have but little positive knowledge of 
its functions. Gustatory qualities are so few that they can be deter- 
mined even without the aid of a scale of adequate stimuli: but the 
qualities of smell are so numerous that a similar lack of guidance 
has hitheito prevented us &am ascertaining their number and inter- 
coiuiection. Psychology can hardly go beyond the expedeooe of 
every day life, which gives (o the qualities of smell the names of the 
sabatances that occasion them. It is signiticant that language, wlkich 
dislinguLihes sweet and acid, hot and cold, heavy and light, white 
and red, has no special names for odours, but uses descriptive terms,— 
the fragrance of the rose, the scent of the violet, the perfume of 
the carnation, etc. Smell Is, in this respect, analogous to hearing, 
and Jean Paul has somewhere sp<^cn of a'harpsichordofsccnis'. It 
psems that the particuhr qualities of olfactory sensation are not oonelated 
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with groops of dillcrent .lubstanccs or bodies, but slancl Ln a specific 
idatioo to their sourc«»; »o that the tiagrancc of the rose, i.g., can 
be obtained oa\y from the rose, and not from anything else. Hcte 
again, we have an analogy with auditory »ensalion. and the peculiar 
relation eztsting between clang coloui and the parucular source of 
lotmd. Is the case of smell we have no explunation at the phenomenon 
to offec. The division of oKaciot)' qualities inui ;tgreeabte and disa- 
greeable meUs merely indicates theii dose connection with the feelings 

pleuantne^ and unpleajiantneMt. 
'2. It waK thought until rccenilv tliat only gaseous substances could 
aerve as itimnli to the setue of .tmelt. This opinion was based upon 
a HDgle eiq>ciiment, originally made by £, H. Wcbcr and but a few time» 
rqieatcd. Webei poured into his nose a mixture of water and eau- 
d»'4Dkigne (in the proportion of 1 1 : i), and found that a sensation of 
«Doell occtirrcd only in die first moment, before the liquid had reached 
the ol&ctoiy membrane. Aronaobn. some forty years later, discovered 
that the whole experience was so unpleasant, and the blunting ofthe 
sense of smdl so lasting, that it was impossible to say whether the 
üqoid aftei contact was smelled or noL But by considerably reduc- 
ing the concentration of the mixture, and using an indifferent s.iJt 
Mihdion of 0^73 p.c. to dilute the olfactory substance», Aroosohn 
obtained, at a temperature of 40* C, distjnct sensations of smell 
in himself and othcis during the contact of the liquid with the sen- 
sitive surface. However, results arrived at in this unusual and uncom- 
fonable way arc less reliable ^ the author's observation) than iho^e 
gained in the ordinary manner by inspiration, while they also indicate 
s deoeasicd sensitivity of the organ. We axe, therefore, no belter ofl 
than before as regards the nature of the ollaciorj' process. Aronsohn 
hirthci attempted to classify smells by the aid of a special form of 
the physiological method. He (aund that our sensitivity to certain 
substances caa be blunted, while otlieis are still able to excite sensa- 
tiob. But the tack of objective guidance naturally prevented him from 
"*""""][ this interesting phenomcnuo to its full account. 

3. We can at present, then, say nothing definite of the number 
and order of the olfactory qualities. It is probable (from the author's 
observatioDs) that continuous transitions exist between tliem: at least, 
the ethereal oils have been arranged in scries the terms of whid» are 
veiy stmilai. Il seems, too, that no dicmical element can exdie 
smdL Electrical stimulation of the sense-organ has lately been found 
elective ; whether mechanical stimuli can cxdtc an oluciury sensation 
is doabifriL 

The theory ofoUactoiy qualities is correspondingly iTvCom^\tAib. TAn«. 
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upper portion of the nasal cavity is lined by the olfadoiy mucoiu 
membrane, cbaiacteriaed by a special thick ness and a brownish 
colour. Id it aie distributed the teiminations of the oLfactoiy nerve, 
the first cerebral nerve. I%ysiologists distinguish between supporting 
cells and smell cells proper, and conjectuie that both foims are con* 
nected with the terminal fibrils oi the nerve Nothing is luiown of 
the character of the cxciialion or of a specific reaction of particular 
cells to particular qualities. The conical centre is placed in the 
gyrus hippocampi. 

lilemtnre: 

M. voD VinUchgim, Pkytialegü Jts Gtruckniitms, RcniuuiD'* SaMÜieX dtr 
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B. AiDuiolm, ExperimtHlttU Üüienuthitagen mr Physiologie 4a GtrttJu. 
Du Boin-Reymoiid'i Arek. /. Physiologie, 1886. pp. JJi ff. 
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(3) The Quality of Auditory SensatioDi. 
§ 14. Auditory Stimulus and Auditory Quality. 



I. Hearing is, after vision, the richest and most important of all 
the sense«. It plays the largest part in our daily intercourse with one 
another, and forms the almost exclusive condition of one great dcpart- 
menl of artistic aciiviiy, — music But the sounds employed by speech 
and music arc of a complex kind; and we must, as psychologists, 
seek to determine the elementary qualities, thus variously combined 
to satisfy some of the supreme interests and necessities of our lives. 
We arc assisted in this endeavour by the customary and popular 
clastitication of auditory impressions into musUal ckords and noisrt, 
which at once suggests the existence of two corresponding classes of 
simple qualities- The su^estton is borne out by the facts of physi- 
cal acoustics. They show that sound, the objective cause ofauditory 
sensation, may appear in the form of a piriodic or an aprriodü con- 
cussion of the air; and diat a compound periodic concussion,— the 
peculiar cause of a musical chord or clang,— can always be analysed 
into a number of simple periodic movements, bearing a definite 
numerical relation to one another. The stimulus of the sensation 
complex given in a noise is an aperiodic concussion of the air, analys- 
ablc cither as a highly complicated combination, or as an irregular 
alternation of simple movements, li does not follow from this, of 
course, that the elementary qualities must be diderent in the two 
cases, and. as a matter of fact, it has been mnimained that every 
noise, like every clang, is capable of resolution into tones. But a 
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tone iavaikbJy posses into a noise, if the dutstion of the stimuli» 
vhich occaxiORS it is reduced to a certain minimum. We may ' 
xccoidiitgly divide the elementary qualities of audition into two gtoaps, 
(he fint of which embraces tontt, and the second timpU noites, 

Z. The CDDcauioDS of the air set up by the movement of a sounding: 
bodjr are called vibratioiu, if they present a steady alternation of coa- 
dematioaand rarcfrtction, and pen'ciJü vibrations, if each wave (movement 
to and fr^ complete or double vibration) occupies the same period of 
tänc A periodic vibratioa b completely definable in terms of duraliait, 
magnitadt, ^ad form. The simplest form is that of a pcndulai vibratioa 
(curve of sines) in which llic dUlaoce of the vibrating particle from 
the positioD of equilibrium is proportional to the sine of the time 
occiqMed by its movement. Every complex form of periodic Vibration 
can be aoaJysed, as stated above, into a number of simple vibrations, 
whose periods are a half^ a third, a quarter, etc., of the duration of j 
the total vibration. The mathennaticat dbcovery of these lelalions 
dalei bock to 18^2; btit the knowledge that the analysis of clangs 
perfonned by the ear accords with their theoretical reduction did not , 
ooaw till much later. Simple vibtations differ in duration and magnitude, 
but not in form. The diuation of their period (wave length) deter- ' 
nuDCs the quality or pile h of the tone heard, its magnitude or amplitude 
the inJmtity of the tone. We do not speak, however, of the duration 
of a vtbtation, but use the inverse value of the number of vibrations in 
the I sec. The greater the number of vibrations iu the t sec or the 
shorter the wave length, the higher is the pitch. 

3. We cannot give cquaUy positive ddinitiona of the physical 
equivalents cf the «eiLsation of noise. An aperiodic vibration of the 
air may be compounded of shucks of the most different kinds; and 
ia the case of a quick, single ixiiicussion or non*|ieriodic shock no- 
thti^ can be said of the &>rm of the wave, although we may know 
fimfthi^ of Its amplitude and duration. In the case of complex 
noba, hoKwer, we have tlie physical possibility of a. certain oombi- 
notioD of pendular vibrations as well as that of non-pcriudic con- 
coKions. -The whi.ttling of the wind, or the musical imilallon of] 
Sowing water, in referable to the former cause, the crack of a rifle to < 
the latter. The elementary qualities involved are respectively lonts, 
plus the beats produced by their interference, and simple noi'ies. The 
|,!i]r>ical barä of the simple noise will accordingly be a non-periodic 
ttmosphcnc concussion of a certain velocity. Whether its lorm show».^ 
anj characteristic differences we cannot tell: its quality and intensity. 
Eke those of the tone, arc dependent upon the duration and amplitude , 
of noremenL The simple noise undoubtedly has quality, height or| 
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depth, beodes intensity; we will call it noiu piuh. Periodic cor 
nons of the air which aie not nbiations excite aüeriesof discontinno^i^ 
DoiMs; if they pus into vibcatii>na, and attain a cerlsin rapidity ol 
wi coe ai o B , «e bn« clangs ot tones. No «trict distinction can be 
■■ds in phystct. tberefoK^ between what we call noise and what we 
oA duf oc tone. 

4. The fact that, the air ribrations are longitudmal, while those ol 
die fonnd producing body arc tninsvcrsc, is not ol importance in the 
ptescnt cacuKction. It is, howevei, worthy of icmailc lliat these 
uanxrcne vibrations may take on very diücrcnt forms. The clangs 
at a violin difler e»cntially from those of a flute and an organ, even 
when their [Htch is apparently the same. The difference is expressed 
in the term tlang t^hmr. Every mu&tcal instrument has its own clang 
colour. The explanation of this Eict is due to Helmhohz, who found 
that a special chararter in given to the fundamental in each case by 
the diflcrent number and intensity of its overtones. It is, therefore, 
fwccsssiy, in in^-estigating the elementary qualities of clangs, to employ 
instruntcnts which are as far as possible (ree of overtones. The best 
insttuiucnts of the kind arc tuning fori:»: when placed upon a resonarKC 
bo^ or exciting the ear through a tcsonatoi, they give a piue, clear 
tOM; and their vibration rate can be minimally changed by a simple 
movement of running weights along their ptongx. The experiments 
qnoted in what follow« were almost exclusively made with tuning fotks. 
And in all of iliein the compared tones were gi^'en to the observei 
«UGceasively. This has two reasons: (t) the sensibte discrimination of 
■famllRDeotiS tones is considerably les« than that of successive; and (2) 
irOamtion mtes which differ but a little from each other arc liable to 
filKtUBlkn» in intensity (»wing to the interference of the sotmd waves), 
which render appreciation and judgment of the imprcsuons exceedingly 
difhculi, and at the same time liimish an indirect criterion of their 
differDDce. 

S iS. The Pitch of Tone and Noise. 
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I . Qualitatively r^aidcd. tones constitute a one-dimensional manifold. 
The positioo of a given lone within the series is ordinarily indicated 
by the woids 'high' and 'low'. This determination, however, is not 
abaohite, a&d cannot be made so. For we have no names for the 
individual qualities; even those used in music are not the bard and 
tut equivalents of definite vilitation rates, but relative termK, enabling 
ns convenienüy to establish or indicate some particular interrelation 
^^of tones. For the composer it is, within fairly wide limits, a 
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Dana of indifference with what vibrstion rates the notes upon his score 
an imputed to the e«r, jsovided only that their relationH, i.t., the 
intenab are lightl/ rendered. ^Vhellier un in.itnunent 11 tuned to aii 
m = 435 or an a = 440 is inclevant (or mu-tical rendition in general, 
aiduHisb it means very considerable absolute diflerences of pit(-b in 
the higfaer parts of the scale. There are two chief reasons (or uni- 
Connity: (i) the limited range of certain instnimcnls, and in particutai 
the hmoan voice, makes it desirable that the phjvical interpretation 
of musica] symbob should not be too variable, while (2) the orchestral 
oaatbtoation of a number of instrutncnts naturally demands that their 
diBcRaccs of aituncment are not so large as to be noticeable. Nor 
is there anything m the whole construction of the musical scale to call 
stIeiUioD to the absolute significance of the separate qualities. This 
COOBectS with the fact that very few persona possess the power to 
recall accoiatcly a tone of definite pitdi. The practically imivcrsal 
l*ck of 'absolute tone memory' compels music to gjive up any pro- 
MBspboa of a knowledge of the absolute qualities which she employs, 
tf bee influence is to be at all extensive. Pot the comparatively few 
mnieal intervals, on the other hand, most of us possess a memory 
whidi is adequate to their sensible recogiiitioii, if it does not always 
«ztcnd to names. 

2. In the absence of names, recouisc might be had to the various 
dtaiactciistics of lone pitch, — the harshness and fullne» of the bass, and 
A0 aiuillness of the treble. But as these, loo, are insufficient aids to 
adeaäfic inquiiy, experimental psychology must seek help from special 
imniinrp " As regards modal sensitivity, we have to ask first of all 
«faetber the air vibrations on either side of the range of tones employed 
n music (aUmt 40 to 4,000 vibrations) are capable of exciting scn- 
aJJon. A caiefal examination by means of tuning forks, vibrating 
tod», etc^ has shown that the lower limit of tone perception lies at 
about 16, the upper at about 50.000 vibrations in the i see., but that 
individual differences may largely alter these values, — especially the 
latter. Scnsibtc discrimination, als.o, decreases considerably towards 
file upper limit of the scale. The number of tones audible within 
these limits has been determined by a systematic test of scn»blc 
dwcrimjoatlon by the method of minimal changes as appUed to differ- 
ence detcrminatioo, and that of right and wrong cases as applied to 
diflereiKe comparison (cf. § 7. 6 and § 8. 3, 8). As the two modes 
t£ determination have given practically the same result, we may look 
npoo this as iaixXy certain. For the region 64 to 1024 vibrations 
(C to f* in musicai terminology), the just noticeable diüerence {S) 
raiuint approximately = ori vibratiotL The absolute sensible discrim- 
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ination is, thererore, corutant over this part of the scale. At 32 
and 2048 vibrations, S was found to be = 0*4. Above and below 
these pitches the absolute sensible discrimination appears tapidiy to 
dectejLSc. Practice has a marked influence upon the cognisabilily of 
differences. The absolute delicacy of sensible discrimination is also 
constant for the region 64 to 512 vibrations, and decreases on cither 
side of it. 

3. Wc thus have data for a rough calculation of the number of 
disdngmshablc tones. It is only a matter of the summatioD of aD 
ordinaiy arithmetical aeries. If we call the first term a, the final term 
t, and the difference between successive terras J, the number of terms 

t a 

n ^ — T — + X. Wc will put the average difference litnen for the 

region t6 to 64 vibratians at 05, for the qualities &om 63 (o 1024 
at 0'2, and for those between 1023 and 4096 at 0*5. For the tone* 
beyond this latter limit, we have only a few occasional observations. 
Thus it has been found that the most practised subjects are unable 
to cognise the objectively large difference between I2,2S3 and 16,384 
vibrations. We will, therefore, assume no more than 23 distinguish- 
able tones on the far side of 409&. The number of tenns in the first 
part of the scale is 97, in the second 4S00, in the third Ö144; i.t., 
ii,o(>4 in all. We may, accordingly, say that a practised ear can dis- 
tinguish some 11,000 elementary qualities of tone. The number of 
notes employed in music is curiously small in comparison. Similar 
attuncmcnt presupposed, all the requirements of melody and harmony 
arc satisfied by the scan^ total of 85 (more or less) tones or 
clangs. It is evident that sensible discrimination did not funiisli 
the principle upon which they were chosen. In asking what that 
principle was , we must be careful to keep two things apart : the 
anangomeni of the notes, and tlie distance between them, (i) The 
anangcment is by intervals, which stand in definite relations to one 
anotlier. The saiffolding consists of a division into oclaves, within 
each of which is found a recurrence of precisely tlie same har- 
monic connections. This arrangement is altogether independent 
of sensible discrimination: it is based upon facts of tonal con- 
nection, which we shall discuss in Ft. U., and is most inti- 
mately connected historically with the development of polyphonic 
music. (2) But the distance of note from note might have been any- 
thing, whatever the prindple of arrangement. That the smallest diffci- 
enoc is aa much as a semitone must have its special reasons. The 
fiTSt that suggests itself is the fact, that differences even of a quarter 
tone in the lower portions of the scale would mean very small differ* 
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CO«* of vibration rate. More iioporlaRt, perhaps, is the consideration 
that the aKi«t original and one ol the most valuable of musical 
instmnents, the human voice, is unable to reodcr with any degree of 
certain^ difference smaller than those which music employs, — a fact 
aotbeaticMed both by obscn-ation and expciimenl. Unfoitunately, we 
xie i ga o oB l of the law which governs the vulucitaiy adjustment of the 
biynx to increasing height of [ntch. The conjecture that apparently 
eqoal difierencea of adjustment correspond to equal relative increments 
of the vibnitioQ rates of the tones produced, deserves investigation. If 
it accord» with the fects, the equality of the same intervals in diSerent 
ocuvcs, which appears self-evident to many musical persons, could be 
rcfened to the sensible discrimination of the singing organ. And we 
^uuld have a very simple explanation of a seeming paradox, — thai 
unmusical persons often possess a very accurate sensible discriminalion 
(or the tones which they have heard. 

4. We tiave no direct means of determining the numbtz of quali- 
ties of oobe. Tlie most obviotis mode of procedure is to diminish 
the duration o( an air vibration to the minimum at which tone ceases, 
and ooly a noise, a dull or »harp shock or stroke, is heard. Inrcsti- 
gatioDS of this kind, to discover the qualitative limen of tonal scnsiiivity. 
havt often been carried out. It has been found that 00 the aveta^ 
sixle«a vibratioos are necesusry for the hearing of a quality in iis fully 
detemioate tonal character,— that tliis number marks the near limit 
of bast possible dtictiminability ; aad that below tliLt limit the distinct- 
tarn of pitch deaeases for all vibratiun raxen, until at about two 
vfticatioas the tone passes over into noise. These two vibrations do 
not, however constitute a sharp line i)f division; they are subject to 
too aas e , and aI*o to decrease, with difTcrent individuals and with the 
«ante individual at different times. Now at the dividing line, two 
qtalitles have been found to be distingoisbable, whose vibration rates 
we« in the proportion 48 : 49. This would give an average dtlTorence 
limen of some 4 vibrations for the region investigated (80 to 250 
ribratioiu). Sensible discriminatioD for simple noises would conse- 
t|tKntly be twenty times less than that for tones; and we should bave~ 
pKtnpposing the same range of sensitivity— only about ,553 discriin- 
insble qualities of noise. The total number of auditory qualilic* dis- 
cnminable under the most favourable conditions (of individual endow- 
Bent, of aitentioo, and of eztenial experimental conditions) would then 
amoant m round numbers to ii.fxxi. 

S- It has been si^csted that the sensation of silence is a special 
auditory quality,— the sensation normally mediated by the ear in the 
absence of external stimulatioD, and analogous tu the inttinsic it^ÄitA 
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lijht biutliar to those possessed of normal viition. The senutJcin b 
s&id to occor 'In the Afiican desert, on the Alpine glacier, on IceUndic 
fields or desolate la«, on the unmoved ocean'. The difficulty of realising 
ihesc conditions prevents the experimental examination of the pheno- 
menon; but we arc piobably jusiifK-d in supposing that the sentstions 
intended are those excited by internal auricular atimulatian. Oosure 
of the cutcmal auditory meatus often |>roduce$ a high tone, and rcguUiiy 
iKx:a&ion$ a kind Ol humming or buzzing, which liecomes disiigrccably 
insistent in certain pathological cases even when the meatus is left 
open. The same high tone appears in what is called 'singing Id the 
car'. It has been caicfully investigated, and appears to be the 
icsooancc tone of the middle esi, the cavity of which would emit 
a sound in response to vibrations of this particular pitch ['J 

Inadequate stimulatioa of the acouadc nerve by the galvanic anrent 
gives the sensation of the same high tone. It ta probably always 
present, therefore, but only perceived under especially favourable 
conditions. The humming or buxzing proves to be dependent upon 
te.'ijtirution, and varies in intensity synchronic^lly with the heart beat. 
It seems to be due to tlie inrush of blood, wtiich, also, becomes 
audible only in Eavouruble drcumatanoes. 

% i6. Theory of the QuaUtles of Audition. 

I. The nerve of hearing, the eighth cerebral nerve, divides into 
two branches, the cochlear and the vestibular. Only one of these, 
the cochlear, appears to subserve the functions of aadition; the 
vestibular ts connected with an organ for the preservation of the equi- 
librium of head and body Q ly 5). The peripheral auditory apparatus 
is extremely complicatod. It has three principal parts, known as the 
external, middle and internal ear. (i) The «xltma/ tar consists of a 
slightly bent tube, the external auditory meatus, of the pinrta, and of 
the tympanic membr<Lne, which fonns the boundary line between it 
and the middle ear. The sound waves set up in the air traverse the 
meatus, and set the tympanic membrane in transverse vibration. The 
membrane is funneUshapcd, and pointed inwards: when relaxed, its 
peculiar tone is one of some 700 vibrations in the 1 »ec ; with tension, 
this tone becomes higher. Hence deep tones are as a rule heard 
under less favourable conditions of discrimination than high tones. 
(2) The middle ear consists of the tympanic cavity, the auditory ossicles, 
and the internal auditury meatus. By the latter, the Eustachian tube^ 
I'] la mf 0« cue llu tooe t) geooiallj £ {*, Ibougta 1 lufe »oniotunei toiuid k» 
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Ibe cavitf of the middle car is placed in communication with the 
phxiynx and the UWMpherii: air. The tension of the air within it can 
tfan* be kept sppnniiBalBljr constant, and any Inteifcxence with the 
tmction of the tympaoic membrane avoided. Tbo ossicles conduct 
dte vibraiiaiia of the membrane onwarda to the inlemal ear. In their 
pu^e acroaa the lymp^c cavit)-, the sound waves, which possess at 
dte ootset a relatively great amptitade and a relatively small force, are 
tonafonned into excutüixnu of relatively small magnitude and relatively 
laige force. Tht« is plainly of advantage for the stimulation of the 
inlemal car and the dclirAtc nerve endings whirh it conlain». All 
tfaiee auditory omicle»— malleus, incus, and stapes—stand in clone 
aiticulaT connection. The handle of the malleus is affixed to the 
^mpamc membrane, the plate of the stapes to the membrane of the 
oval window of the lab)-Tinth, a membrane which ditidcs the middle 
ban the internal ear. The pull exerted on the tympanic membrane 
bjr the malleus facilitates its adaptation to waves of different form and 
dniation, and accelerates the damping of its vibrations. Two mutclcs 
of the middle ear deserve mcnüoni the tensor tympani and the stapedius. 
Contraction of the former draws the tympanic membrane inwards; that 
of the latter probably lessens the pressure of the stapes upon the oval 
window. The main ftuction of both seems to be the protection of 
the organ against too violent concassions of the air. 

3. (3) The inltrval *ar or labyrinth consists of the vestibule, the 
tcnixärcalar canals, and the cochlea. Nervous terminations aie found 
in all three divisions; but it is probable, as mentioned above, tliat only 
Iboae of the cochlear ner\'C in the cochlea are connected with hearing. 
The cochlea i» a hollow tube of two and a half turns, divided along 
its length by a bony tHclf (lamina spiralis) upon which rests a mem- 
brane, the basilar membrane. The two sections of the cochlea are 
called the scala vestibuli and the scala tympani. The former is again 
tobdivided by a cuticular wall, which forms an acute angle with the 
basibx membrane and is known as Rcissncr's membrane. This trian- 
gular pottkm of the scala vestibuli, called the cochlear canal, contains 
the essential parts of the whole structure,— the arches of Corti. arranged 
along the basilar mcmbfane, and the reticulated membrane supported 
by them, through which the brtsde-Uke continuations of the cells of 
Coiti project According to the results of the most recent investiga- 
tions, the terminal fibrils of the cochlear nerve lie around and between 
these cells, but do not enter them. The scala vestibuli starts from 
the oval window abcady mentioned ; the scala tympani &om a round 
window, similarly dosed by a mcmbmsc, on the other side of the 
labyrinth. The labyrinth is filled with a liquid, the eitdolymph or 
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water of the labyiinth, which transmits to the nerve endings the 
vibrations carried along the chain of ossicles to the oval window. 

3. The mechanical cause of the excitation of the auditory nerve 
is, undoubtedly, the impact of the total mass of cndol^'mph upon the 
membrane of the round window, which follows from a push of the 
stapes a^inst the ovat window. To explain the obvious dependency 
of tone sensations upon tlie properties of the external stimulus we must 
suppiitte furtlier, that tlie differences in the form, duration and intensity 
of the movements of the endolympb. corresponding to similar difler- 
ences in the atmospheric sound waves, give a special ciiaracter to the 
final nervous reaction. And lastly, (he fact that we can analyse 
compound periodic vibrations into their simplest components, i.e., that 
we can hear out, from a clang or compound clang, the tones which 
correspond to the simple vibrations discoverable by mathematical 
physics in the complex movement, requires us to assume the existence 
of a peculiar nervous apparatus, adapted to the purposes of acoustical 
analysis. Now all that we know of acoustics in other connections 
leads us to believe thai this analysis can only be performed by a set 
of insiTumcnls, adjusted within certain hmits for sympathetic vibration 
to definite wave lengths. We must, therefore, imagine that the cochlea 
contains instruments of the kind, whether it be that there are spedal 
siruclurcs for the transmission of special stimuli, or thai the fibres of 
the auditory nerve themselves possess a selective excitability. Wc may 
put the alternatives somewhat more concretely. In the former case, the 
nerve would have its excitation simplified by the interposition of a 
graduated system of vibratile masses, each of which would be set tn 
moiioQ purely mechanically by the wave length to which it was 
attuned,— just as a compoimd wave might be analysed into its com- 
poncnls for our ear by the help of a number of appropriately adjusted 
tuning-forks. In the latter, the separate fibrils, i'.*., the separate nervou» 
conduction patlis, would have the property of being excitable only by 
vibrations of a ccrtahi wave length. 

4. The only psychophysical theory of audition elaborated up to 
the present time has chosen the first of these alternatives. Heimholt! 
originally supposed that the analysers required were to be looked for 
in the arches of Corti. The hypothesis proved inadequate, however, 
since (r) these structures do not differ sufficiently in siie, (3) (here 
are too few of them (about 4CX»), and (3} they aie absent in the cars 
of birds, whose hearing of tones and words cannot be doubted. I 
Hensen accordingly suggested that the basilar membrane is the impoilant 
structure in auditory sensation. He regards it as a graduated sjrstem 
of vibratile fibres. There are two reasons which support his view: 
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(i) th« membrane i« lightljr stretched radislly, while the longitudinal 
connectkm o( it» fibre» is not at all close ; and (a) it increases in 
breadth, from baue to tip of the cochlear canal, in the propoition of 
I : 12 (0*041 to 0*495 iniD-)' It may, therefore, be regarded as a 
ftringed instnunent, the separate strings of which Wbrate only to certain 
wave lengths. The excitation of the fibres is, perhaps, mediated by 
the bristles of the ceils of Coiti, which must be particulaily responsive 
to the impact of the ccdolymph. The number of cells is said to be 
between 16,000 and 30,000: and we saw that there were some 11,000 
distinguishable tones. The difictentiation of the oervous apparatus is, 
ibcTcfoic, amply adequate to sensation. 

At the same time, it is not difficult to sec that the theory fails to 
answer certain questions, and leaves room for doubt at certain points, 
It has been recently .found that the auditory nerve itself is excitable by 
soimd (d § 9. 6). This would seem to indicate that the mediation of 
ibe cells of Corti is not neceäsaiy for audition, and that vibratiliiy or 
•elective excitahiliiy may be ascribed directly to the nerve fibres. 

5. It follows &om our discussion of the simple noise above (§ 14. 3, 
$ 15. 4) that its theory will not constrain as to posit an especial 
analmiical and physiological substrate, over and above the cell of 
Corti. The non>penodi<^ air concusKions forming its ph)-sical basis 
mm) excite a Lirge number of fibres, and consequently blur the 
p et cep ti oo of pitch. Indeed, we have a continuous transition itota 
tone« of perfectly definite quality to noises of practically indefinable 
^tch. In «peaking of th« quaUiy of a noise, we shall, as a rule, takv 
account oS the rdativdy strongest excitation, The duration ofanon- 
peiiodic air-onaission will, consequently, not always be proportional 
to ia perceived pitch. Thus the quality which we ascribe to the snap 
of Uie electric spath docs not appear to approach at all nearly to the 
nppcr limit of tone perception, although its duration has been calculated 
to be only oooooi sec. 

The Helmholtz-I Icnscn theory of auditory qualities has received 
coofirmalion from pathological cases of the abrogation of hearing over 
a certain part of the scale. There are persons who are insensitive for 
particular tones. The easiest explanation of this phenomenon can be 
gWen in terms of specific terminal apparatus or of a selcrtive excita- 
bility of the separate nerve fibres. 

Tbe cortical centre for the impression« of each ear is situated in the 
temporal lobe of the opposite side. 
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§ 17. Light and the Visual Qualities. 

I. So far, whenever wc have been able to compare the ade 
stimulus with the »nsations occasioned by it, we have found a 
paiallelism between the two : the simple in stimulus has comrsponde 
to the simple in sensation, and the okjectively compound to 
compound in experience. Intensive graduation of qualitatively simil 
pressure stimuli, and of temperature stimuli above or below the pOB 
of indiOTerence, gave a pantllel alteration of intensity in cutanea 
sensation, without change of conscious quality; and complex sound 
w;tvc5 w«re correlated with a complex in audition, simple periodic 
non-pcriudic air-concussions witli a simple tone or a simple noi 
There is no such correipunderice between light and vision. Ou 
examination of visual qualities must, therefore, be prefaced — all tli 
mote necessarily, as the point U neglected in many psychological 
treatises— by an inquiry into the actual relations existing between sen- 
sation and the various forms of tight stimulation. 

It is indifieccnt fot the present purpose whether we adopt the 
elasticity theory of light, or the more recent electromagnetic hypothesis, 
Fot convemonce' sake we will employ the usual tcrminolc^gy, and 
refer the pb)'sical process of visual stimulation to transverse vibrations 
of the ether particles. On this view, the velocity of the individual 
wave is very great, and (as with the sound wave) very different in different 
caaeo. The difference is expressed either in wave lengths or in the 
number of vibrations in the t sec. Thus, a light wave of o-ooo^Sq mm, 
length vibrates in the customary medium, atmospheric air, 501J billion 
timos in the i sec. Simple uudulatoiy movements of this kind can ordy 
be obtained, as a rule, by the analysis of ordinary mixed light« 
which contains waves of the most various lengths. It is usual, there- 
fore, to distinguish mixtd light from /lome^meaia light, which consists 
of waves of approximately the same length and vibration rale. 

3. In determining the qualities of visual sensation, however, we 
have to conüdor not only the ditference between homogeneous and 
mixed h'ght, but the variations of both in intensity, duration, ^nd 
extension, and the results of llie combination ofhoinoganeous with mixed 
light, and of particular homogeneous lights with one another. Thcie 
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b a subjective «fleet conespotuUng to all these phases of the objec- 
ttn proce». But as dnraiioQ and exicnsioo of stimulus, if they afTecl 
dke quality of Bouation at all, affect it in practically the same 
«ay as does stimtilus intensity, we need not discuss the iiJluenoe of 
all ihiee bctois in detail. 

(«) Mixed iigA/, in which no particular wave lenf^th has a noticeable 
piedominanc«, exdtea the sensation of light or of brigktiutt. Inten- 
sive graduation of white l^hi git-es rise to a series of sensation quali- 
ties which cofutilutea a one-dimensional manifold analogoux to the 
tooal scale, aiul extends from the deepest black to the most brilliBJDt 
f white. There aie two pecutiarilies in this correlation: (i) an intensive 
kahention oi stimulus produce» a qualitative alteration of sensation, and 
(2) a highly complex physicjil process corrc^jionds to an entirely simple 
psychological cspcricnre. Brightness sensations can be obuined in 
the greatest purity by the reflection of mixed light firom a dead sur- 
itoe of the right absorption capacity. White and black or gray 
papers are, Iheiefore, generally used for experiments oa bri};liiiie3« 
sensations. The sources of mixed light have all some trace of colour, 
due to the relative piepoDderanc« of certain rays for sensation. — 
We teach two conclusion«, then: (i) thai brighuiess qualities do not 
f u IB intensity a* a separate, vatiable alliibuie; and (2) that an 
■mlyäs of the qualities conlained in mixed light require* thdr spatial 
01 temporal isotatioD. 

3, (J) Hvtnogeuteus figkl gives rise to tttlour sensatient, the second 
series of visual qualities. Alteration in wave length or vibration rate 
produces alteiation in colour tone. Homogeneous light, in the strict- 
est »ense of the term, has dc^xi been seen, so that w« cannot say 
how it would be sensed- Approximately homogeneous tight can be 
artificially produced: most conveniently by the leEraction of mixed 
l^hu Thut, a pencit of white Light falling upon a glass pdsm issues as 
a band of colours, in consequence of the different refeangibUIly of 
lays of different «-ave length. The more intensive the source of light 
ftnm which tliis pencil proceeds, the more luminous are the colours. 
The pure colour« of the solar spectrum are, consequently, the most 
bcatitiful that we know. 

Here, the physJcaliy simple appears to be correlated with the 
peycbokigically simple. But, whereas the x-ibmtion rates steadily in- 
crease from red to violet, becoming in%-isiblc outside both tlic«e 
timils, the colour sensations begin by growing okore and more unlike, 
and end with tones more nearly rcwmbling the first of the series. 
An analogy has often been drawn between the solar spectium and 
ibe musical scale, in pailicular the course of tone scnsatiova ^n^huv 
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the octave: but it !s incoirect. Moreovei, we can produce coloun 
intenneilüite between (he visible qualiUes of the two ends of the spec- 
trum, which are not represented by simple physical undulations. So 
that here, too, there is do exact correspondence between stimulus aad 
sensation. 

It must also be noticed that what we call colour tone or colottr 
sensatioD is always a brightness sensation also. This fact is best 
demonstrated by a gradual alteration of the intensity of a homogcnc- 
oua light. We obtain a graduated series ftom black (or dark gray) to 
white, williin which the colour sensations occur from their darkest tOn 
their lightest shade, with and without qualitative alteration. As tha 
ends of the series are occupied by brightness sensations alone, we 
cannot doubt that these sensations are also present in the middle 
portion, where the colour is siill visible. Wc thus have the curious 
result that wluit wc call a colour is really a connection of two 
simple (iwilitic«, coIquc tone and brightness. It is not infrequent to 
find the hrightnrxK of a colour referred to as its intciiMty. But as 
it » simply ;i yenxaiion, which, under appropriate conditions, can be 
perceived alone, witliout any intermixture of colour, this terminology 
leads to the paradoxical condusion that brightness is a mere intensity, 
a non -qualitative sensation. It is one of Hering's services to psy- 
chology to have restored the black-white scries to its rights as a 
qualitative system. Indeed, to speak of an intensity of sensation 
because the corresponding variable quality of stimulus is called in- 
tensity, involves a quite unjustifiable transference of terms &om phy- 
sics to psychology. Our previous discussion of the attributes of sen- 
sation (§ 4) makes it indubitable that the brightness sensation, 
whether willi or vrtthout colour, inuit be regarded as a quality. The 
connection »f colour tone and brightness is the most intimate con* 
nection of qualities that we know: in fact, in one sense it Ik insepa- 
rable, sbice a colour sensation cannot occur without a bnghtnest 
quality. We have, then, in visual sensation, a direct contradiction 
between the physical atid llie [jsychological: the physically simple 
Oiomogeneous light) correitponds to the piychnlogically compound 
(colour tone + bnghlne.<»), and the physically compound (mixed UghQ 
to the psychologically Mmjile (brightness). 

4. (<> A mixtun of two mi'xtd lights of different Intensities, each 
of wliich would give rise to a simple sensation <>r brightness, produces 
on the plijNical side a mean intensity, and on the psychological a bright- 
ness sensation lying midway between the two primary sensations. 

he physical mixture can be replaced for vision by a quick succession 
the two brighmeases; r^., by the rajud rotation of a circular 
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4i« composed of black and white »ectora. The .-i/tcr duration of the 
nnial excitation is so great that we obtiitn the same psydiological 
«fleet as if we had brought iitxnit an objective (compensatory) 
mixture o( the components. 

(d) The psychological result of a mixture of homogeiuom lighti can 
be Mated in three propositifins : 

(l) A mixture of two honi<^Deou3 tights of veiy similar wave 
kagOi produces a colour sensation, whidi occupies an intermediate 
place in the series of ^)ectial roJount between the sensations of the 
two ptinaTy lights. The nearer the homogeneous lights are to one 
maother, the more vivid or more saturated is the intenncdiate colour; 
sod the more remote their vibration rates, the paler or thinner the 
colour. A mixture of red and yellow gives orange, of blue and 
green bluish green. 

(3) A mixture oi two homogeneous lights of a certain difference ol 
wawt length (not the same for all observers or all colours) produces 
a seasation, not of colour at all, but of brit;hlnes3. These lights arc 
lenned eompUmtniary tohun, and are psychologically characterised 
by the fact that their sensations present the greatest differences, i^., 
focm the greatest contrast tu each other. Hence, the complementary 
colodis arc also termed eonirati eoioun. Red -xeA greenish blue, 
jdtownh green and violet, orange and cyan blue are complemcntaries. 

If the difference of «-»vc length is still further increased we again 
I'Obtsin B colour sensation of more or less saturation, belonging in the 
oC purples, which is not represented in the spcctnim- 

(3) A mixture of more than two homogeneous lights can always be 

iixed to a mixture of two, and so docs not require any special 
hAKBtSMa There arc three homogeneous lights — red, green, and 
vMet — the mixture of which producer a simple brightness sensation- This 
'.TCSoU becomes intelligible, if we substitute yellowish green + greeni:^ 
blue fos green. Wc then have two pairs of complcmcntaries: vl<det 
+ yellowish green, and red + greenish blue. Tliesc will excite a colourless 
pay whether taken sii^ly or togetlier. It is plain that they are the 
uoly three homogeneous I%)its whidi can excite the sensation of 
bri^tness, since no other three can be resolved into two complemen- 
tary pairs. The peculiarity has gained for them the name cXprimarf 

5. These lawv of mixture are only valid on the asstmptioa of a 

definite intcnsitv of the hocaogcneou.t %hts whieli are to be combined. 

tn the solar spectrum, the completncni-iry tolouts posscaa a different 

luminosity; but even apart from that, the amount u( homogeneous 

l^bt necessary to complete ccmplemcntarinest dtlTera in different 
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Wa say, therefore, Üiat the various spectra] coloujs have 
different colouring power, Violet is strongest, yellow weakest; red 
and cyan blue have approximately the same power, approaching that 
of violet, oiaoge and green are about equal and aland nearer to 
yellow. The rules for the miiture of homogeneous lights can be put in 
the foiia of a geometrical figure,— most conveniently in tliat <>f a 
triangle. The three angles are formed by the primary colours, and 
in the centre is a point, B, denoting the sensation of brightness. 
There are two other properties of the primary colours which we 
may mention here: (I) all the other colours can be obtained, at the 
relatively greatest degree of saturation, by their inlerinisture, and (ii) 
n« primary colour itself can be produced by the mixture of the other 
two. If we mark the ;iiig!es of the triangle R (red), G (green), and 
y (violet), the side JiG will contain orange, yellow, and yellowish 
green, the colours intermediate between red and green; and the side 
GV, the colours greenish blue, cyan blue, and indigo blue, the 

colours intermediate belwcca 
green and violet The base 
HV will contain the tones 
intermtdiale between red and 
violet, i.t., the purples, which 
are absent froqi the spectrum. 
The Unes of connection be- 
tween angles and sides of the 
triangle, which intersect at B, 
or at other [loints not specially 
marked lu the Figure, indicate 
possible mixtures of remote 
tenus of the colour series; 
and their length Is proportional 
to the colouring power possessed by the various colours (Fig. 7). 

6, This figure, however, is not entirely salislaclory. It gives no 
indication ot the fact tlial comparatively few mixtures ol düTerenl 
wave lengths produce the sensation correlated with the mean wave 
length. Really, that is, the lines ÄG^ and Gf ought not to be straight, 
but somewhat curved. The puint G, in parliculiu', with the neigh- 
bouring qualities on the prismatic q>ectnim, should lie lower, and the 
side GV follow a course similar to ihat marked in Fig. 7 by the 
dotted line. But apart ftoni these defects, the schema gi»-ea an 
instructive and simple demonstration of the incongruity between the 
physical and psycliological scries. One and tlic same sensation may 
be obtained by the most vatioos combinations ol physical ptoccsseaj 
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point of the area enclosed by the three sides of the trian^ 

paroang through it an infinite number of lines of connection 

pain of botDo^neous lights. In consciousness, there is no 

ttacc of thü anlimiictl wealth of sensation components; each separate 

degree of aturation which a colour presents is as much a simple 

i^ as the colour sensation originated \>y a definite, homogeneous 

«pectntl lig^t On the psychological side, the scries oC possible 

vaiiatioos is covered by the paisUcI processes adduced under (a) 

and (Q. Under (a) we have a series of pure brightnesses, under (^ 

cotuiectioa of colour lone and brightness in all possible degrees 

.aod propoittons, with ih« single exception of a zero value of bright- 

VMft. Tbc mixture of mixed lights, and the mixture of homogeneous 

Hghts, {<) aod (d), give OS no new sensation. Colour tone and 

iM^htocss are, a^cr as before, the sole kinds of simple visual qualities. 

Bui on the ph>-aica] side, the hat of possible variations is by ao 

means concluded. 

7- («) The mi-xtuTt of a homogtneout b'ghl with mi.V4d lip^ht ^joAnctä 
a series of doable sensations, tising from tlie most saturated colour 
tone to simple brightness, according to the relative intensity of the 
compooenO. Such a mixture gives us another physical means of 
varying the rdiition of colour lone and brightness within the colour 
sensation. The mixture of two complementary colours, or the simple 
flhimination or darkening of a homogeneous light, serves the same 
purpose. The customary definition of the degree of saturation of a 
colour by the amotmt of white light mixed with it is, therefore, psy- 
cbologicaliy incorrect: (i) because the alteration of depth or vividness 
rt a colonr tone may have very diffcrcDt physical causes, and (z) 
because the most saturated spectral colour contains much more than 
a minimtmi of brightness.— the psychological equivalent of mixed light. 
We shall, accordingly, employ the term saturation to def^ignule ^iiDply 
the degree of distinctness with which a colour can be perceived as a 
particuiar quality orcr and above its brightness. The greatest satura- 
tioa is aftoidcd by a certain homogeneous ligtii of a mtKleraie inlen- 
flty; and us degree is dimimshed, not only by the addition of mixed 
light, but by an alteration of intensity, and (under certain circumstances) 
by the intermixture of other homogeneous lights. 

On the assumption that a colour tone suffers no quiilitaiive change 
in its difTcrcnt degrees of saturation, we might look upon llicw as 
cuosiiluting the real intensity scale of colour sensation. The same 
may be said of ihc saturation of brighine:^-! sensations, cxccjA that it 
is obviously not to be regarded as a variable intensity. 

This concludes what we had to say of vistol sensations, by way 
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of preface to their special investigation. Our result csn be very simpi/ 
formulated: it is necessary to draw a sharp line of distinction betn-een 
the physical and psychological. Physical optics has already bani.thed 
the laws of sensation from the science of light: psychology must now, 
in its turn, decline to apply physical ideas in the analysis of its facts 
and in its Iheoiy of visual qualities. Complementary colours, priirury 
colours, mixture — these ate all physical concepts, which bear a certain 
relation to the phenomena of sensation, but which must not be trans- 
ferred bodily into psychology. Sensations do not mix, and sensations 
are not complcmentarics. Whether these concepts have a physiologi- 
cal validity, whether, i,*., wc can find in the nature of the optical 
nervous excitations an explanation of the lack of strict parallelisiu 
between stimulus and sensation, is another question. We shall seek 
to answer it later (g 21), when we come to deal with the theory oJ 
visual qualities. 

I § 18. The Sensation of Brightness. 

I. Tile scale of colourless sensations ts very diflicult to obtain in 
absolute purity, owing to the influence of impressions in the physical 
environment, and to empirical habits of judgment. Our notion of 
'while', in particular, is verj- fluctuating and uncertain. Brightness as 
»uch, t.g., a colourless sensation occupying the entire field of vision 
with complete uniformity, is only given under rare conditions. It 
may be realised by ihe deep black of a lightlcss space, provided that 
no subjective qualities arc present to interfere with it. As a geneiaf 
rale, the terms 'black', 'white', 'gray', which we usually employ to 
designate sensations of brightness, arc altogether relative. Writing paper^ 
newly fallen snow, linen fresh from the laundry, etc., appear white, 
although their objective brightnesses arc extremely different, and are seen 
to be different as soon as directly compared. In their ordinary sur- 
roundings, the colour lone of these substances {otherwise distinctly per- 
ceptible) is forced so far into the background, and their brightness 
so prominently brought out, that for lack of any absolute standard of 
reference in sensation we place them :ill in tlie indeterminate category 
of 'whiles'. Our memory for absolute light intensities is very un- 
leliable, and its development has been prevented by tlie constancy 
of the relative sensible discrimrnation, of which we shall speak 
presently (j below). On the other hand, our memory for spatial 
lorm is exceedingly accurate. This explaini how it is that we come 
to ntlnbutc dcßniic apparent brightnesses to particular objects as 
permanent predicates, which we ordinarily apply in speech, altliough. 
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as a matter of tact, they do not remain constant. The closeness of 
the i[siK>dation of a definite »patial image of an object with a judg- 
ment expressive of its brightness (under certain conditions, which are 
ttken as iKnoal) comes to be a convenient indirect criterion of the 
applkabili^ of the predicate- Under these circumstances, it is not 
straDge that 'tmghtne»' and 'whiteness' should not always mean ük 
tame thing in popular parlance. The term 'white' is used in the 
first instance to indicate absence of colour, the lack of any seif- 
tnnstSDC« on the part of a colour tone, or of its recognition on our 
pait: it is the analogous concept to what we have called 'saturation' 
in coloon. It consequently denotes the degree of dinaiinctness with 
which bt^htness as such ia perceived, while U covers very diiTcrcnt 
d^ees or gradations of brightness. Tliua the snow may be whiter 
than the gray ily, and yet darker. Tliat is, the snow is more 
colouHess, and under the influence of its surrc>undiiigs may even :i])])ear 
bri^ter, althongli :i direct compHMson would ptuve that it is less bright. 
3. As all this is equally true of 'gray' and 'black', it might be 
öngined that the brightness sensation has two attributes attaching to 
i^ besides its spatial and temporal characteristics, — quality, expressed 
by the wofds 'white', 'gray', etc., and intensity, expressed by 'dark', 
•bright*, and intermediate names, But the two sets of terms are in 
reaUty very fai from being independent of one another. The degrees 
of 'black' and "white" are meant to express degrees of brightness, just 
as much as those of 'dark' and 'light'. It is not as i) one and the 
same black or gray or white could run through alt degrees of brtght- 
Dcsa, and posie» (tifferent intensities at different times. The two sets 
oi jtxlgments are pas-tcd upon the same material, the same sen.taliüns- 
Tbdr distinction depends not upon the existence of quality and inten- 
sity as variable attributes of brightness sensations, but upon the double 
idatioD in which every such sensation is naturally placed. A bright- 
ness scmation is related on the one hand to all the rest of the 
brightness sensations, on the other to colour tones (by way of its 
purity, ia., the absence of any intermixture of colour). The terms 
'while', 'gray', and 'black', are principally used in the latter coruicc- 
tion; 'dark' and 'light' in the former. It b, therefore, quite allowable 
to speak of a saturation of colourless sensations, on the analogy of 
cokxir satoiation, if we mean by it the degree of their distinctness. 
Only, the greatest saturation of a brightness quality is given by the 
Iota] absence of colour tone, and the minimum of saturation witli the 
maximum of colour. It may be that the connection between colour 
tone and br^htne» is so intimate, that it is as impossible for brighincss 
10 occur withotit colour, as for colout to appeal without brighlncss: 
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the maximal saturation of brightness would then be a limiting case.' 
never actually realised. It is at least conceivable that what wc call 
pute gray or pure white would appear dilTerent if we had an absolutsi 
«andard of reference and more accurate means of comparison. Bi 
we .ihould still be compelled to regard the black of a lightless spai 
and Mmilar depths of darkness as pure qualities of brightness »cnsatioii, 
«imply be(-au.ie in such cases there is no objective possibility of th« 
origination of a colour tone. 

3. Our sensible discriaii nation of brightnesses is diminished (as will 
be shown later: § 49) by their connecliün with colour lonea. It is, 
therefore, difßcult to detenuine the number of distinguishable bright- 
ness qualities, as the anaK>);y of previous Sections requires us now 
to do. Indeed, even the upper and lower limits of the scale can 
hardly be defined. .Sunlight, tlie brightest tight known to us, isdaizling 
and painful; but wc cannot say whether the brightest artificial iigliti^ 
at a corresponding distance, would show a noticeable difference from 
the brightness of the sun. Every day experience seems to pro\'e tliat 
our sensible discrimination of intensive brightnesses, absolutely measured, 
id exceedingly small; and thai consequently, when once a certain de- 
gree has been reached, wc shall not find many more distinguishable 
qualities. As to the lower limit of perceptible brightness we are in 
equal uncertainty. The dark which we sense after a lengthened stay 
in a blaokened chamber, from which every source of light has been 
cut off, b little different, if at all, from a tcä scienlihcally produced 
darkncM, such a:t th.it of deep black velvet, upon which no direct 
tight of any considerable intensity is allowed to fall; allhuugli the 
objective brightness is very different in the two cases. Tlie reflected 
bt^titnesses which we ordinarily compare, vary between the Umits of 
3700, that of brilliantly while paper, directly illuminated by sunlight, 
and I, that of a dead black paper, seen in the twilight. If the sane 
two papers arc uniformly illuminated by diffuse daylight, the ratio of 
their brightueescs is about 60 : i. 

We cannot here discus« the various photometiic method«. As Üiom 
that arc in use at present arc still based upon the comparison of 
sensations, for which some employ the procedure of minimal changes 
and others that of average error (g§ 7, 8), their results are not alto- 
gether comparable. Besides which, the physical formula on which 
tlie:>ü results are calculated (the taw of decrease of light inten.<>ity with 
the squareof the distance from the source of light, the lam of poUiisatioo, 
the Talbot- Plateau law) arc not by any means necessarily a tnie reflec- 
tion of relations which obtain in the sphere of sensation comparison. 

4. When it is further considered, that the brightness stimiüi employed 
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£a the invesligatiOD of oot sensible dUcrimination Tot brightness have 
bcCD possessed of dtßcrent d^rees of ' colourlc£§ncs3 ', some observers 
liavtng woikcd widi vatying intciuilies of artificial light and others with 
<lay%ht, some having chosen shadows as the objects of comparison 
and othen gray papers, etc., it will not be found tiurprising tlial die 
xenilta are as divergent as tbcy are. Not only the magnitude of the 
«Uffetcnce timcn, but the laws of the course of seiuible discrimination 
in general, are differcndy given by dißerent observers. A certain 
jiropottioa of these diSereoccs is undoubtedly attributable to the 
ioBiiefiice of a number of variable sources of error, of more or less 
tigtä&cmce, which have not received their due {or even, an equal) 
sneajture of attention from every espcrimenter. One of these would 
be the adaptation of the eye for brightness, the importance of which 
h borne Id upon us by the familiar experience of parage CroRi the light 
into a dadc room. Until the eye has become adapted to the new 
enviiomiienl, we cannot distinguish the scpatate objects about us; i>., 
perceive tfae differences of bri([litness which they present to vision. 
Another b the accommodation of the eye for distance. If the out- 
uses of the objeds to be compared are not sharply drawn, but appear 
vagne and blurred, our ability to remark their b lightness differences fs 
considerably impaired. Yet others of these variable factors arc the 
■agnitude of the bright sut&ccs compared, their relative positions, the 
dtnation of stimulation (the influence of which rarics with variation 
in the intensity of the mixed light employed), the character of the 
■DTTOundings, rest or movement of the eyes, monocular or binocular 
regard, etc, etc. Of tlie general conditions of sensible disctimination, 
db cu g ed above (§ 5) fatigue plays a principal part la the present 
eonnection. 

It it no wonder, then, that some observer» have found a constancy 
of the relative sensible discriminatioD, others a variation of it wiüi variation 
in the absolute intensity of light; and that where conjtancj' of the 
relative {liffcrcnce limcn is maintained, its magnitude is variously 
pven as ^, j^, rlvriv At the same time, there seems to be 
no doubt that, within certain limits, the constancy of the relative 
sensible discrimination is an established fact. The essential thing is, 
that the experiments be made with similar retinal adaptation. Below 

aitd above these limits, — stendily it^reases- Difference comparison 

has abo ^ven a relative equality of apparently equal diffcienoes, (or 
certain regions of difference. But in um atue, the results are crossed 
by the effect of contrast, to an extent which we are at present 
miabic to determine witli any accuracy. Its inaeasc is certainly 
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not directly proportional to increase of the stimulus differencet. 
5. Where results are so extrscTdiaanl/ divergent, our 'cutculation' 
of the number of disitinguishable brightness qualities cannot be mudi 
more tlian a gue«a. We will assume that between the limits i «nd 
[OOO (I being & black situated toimids the lower end of the bright* 
nets scale, but looo a, white still compsiratively far removed from its 
upper boundary) the relative diffetence limcn is constant at -j^. 
That is a fair average «"alue. The scale of dlscriminablc degrees o( 
brightness may then be regarded as a geometrical progression, whose 
first tenn « = 1, final tcnn / = looo, and «tponcnl * = ■JJJ. If n 



is the number of term», / = a ■ * ■ — • ; i.t^ h = 



log * 



I, = approxi- 



mately 696. 

AdiJing to this total another 104, for the degrees cS brightness 
on eitlici aide (but especially above) the Urn: Is dioseii, we have 
the number of distinguishable qualities '= 800. Not more than 
the half of these arc at the di.tjioial of the painter or etdicr, who 
seeks to rcprnduc^e the brightnesses presented in nature. The whole 
scries of brighmesses obtainable by brush or needle is included withio 
llic limits expressed by the ratio 1 : 60 (cf. 3. above). Thai both arc 
able, nevertheless, to produce a successful imitation of the reality they 
copy, is plainly due to the constancy of the relative »enable dacrim- 
ination, or, as it is called, to Weber's law. This law (§ a6) says that 
differences are apprehended as equal, whether they hold between weak 
ot strong sümuli, pruvided that their relation to one another remains 
the same. Thus a brightness difference of :oo between 1200 and 
1000 has the same effect upon us as one of 20 between tsoaitd lOO, 
or one of i between I2 and 10. The painter must only avoid 
the attempt to repmiluce brightaess differences which lie very far 
bideed outside the limits imposed by his art. We, therefore, rarely 
lind the midday sun, or any other extremely intensive source of hght, 
introduced into a picture. — We can tmderstand, if Weber's law is 
valid, ho«' it is that shadows and conloun on canvass or in the 
objects which form our daily environment do not vary witlt every 
alteration in the suength of Uluminaiion, but seem to remain practi- 
cally constant. A memory for absolute brightnesses, analogous to th« 
memory (or absolute tone pitch, which wo occasionally discover, or 
to tliat for spatial forms and colour tones, which we all possess in a 
greater or less d<^re«, could not 1>e developed under the drcumstances. 

6. The (otcgoing discussion of our sensible discrimination for 
brightnesses is based upon observations made with direct visioo, Lt^ 
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fiA the centre of the retina, at the 'spot of clearest vision'. Wc 
aie Dot accustomed to employ tlie lateral portioiut or tlie retina for 
Ibc cognition or objects: if «e wish to get aii exact visual idea of 
anjihiog situated on the jieiiphery of the field of vision, we bting 
9ft& or head or the whole body iiito a position which renders a 
direct regard possible. Nevertheless, there are many otdinaiy ex- 
periences which should leach us that the lateml parts of the ictioa 
aie by no means lc$3 sensitive to brightae^s than the ceiitrul portion. 
A tmifonnly gray surface, such as a white-washed wall or a. cloudy 
sky, does Dot appear to grow darker from the centre outwards, bat 
Bakes the same qualitative impreuion over its whole visible extent. 
Since, as a matter of lact, the light which (alls upon the [>crij>heral 
lepoDS of the retina is weaker, other things equal, than that which 
siitnulales the centre, the truer conclusion secm^ to be, that tlie 
brightness sensitivity of the former Is greater than that of the fovea 
oentrali^ And there are many other indications that thb new is 
totiect. Stars of small intensity can be more quickly and easily re- 
marked in indirect vision than in direct It has been shown, by elabo- 
laie experiments, tlial the retinal j^ensitivity for brightnesses increases from 
the ceotie outward* and inw^irds to about 23°, where it is some i'2 
lanes as great a« in direct vision ; and from the centre upwards and 
downwards to about 15°, where it is some 1*04 times as great as at the spot 
of dearest visjon. Beyond these limits it appears to decrease again. 
The leLeoIogical sigoificanoc of the arrangement is obvious, since the 
movements of the eyes are rcBcxIy rc^^ilalcd by the strength of stimu> 
bdco, and the limit of their excursion in difTercnt directiuns, while the 
body remÜBS unmoved, la approximately given by these auguhir values. 
Some bright object or sudden change of brightnets in the lateral parts 
of the 6eld of vision impresses us, and we are able at once to direct 
the eyes upon ii and obtain an exact perception of its nature. No 
syfleroatic investigation has been made of the magnitude of sensible 
discTiniination in indited vision. 

7. We cannot speak of a stimulus Umen in the case of brightness, 
since even when the eye is at cüiaplete rest there is present in con- 
sciouHiesH a colourless sensation, the subjective black or 'intrinsic 
retinal light". We can, however, determine the brightness which is 
jira noticeably different from this black. It a given, *^., by the weak 
shimmer of a platinum v,-ire heated by the electric current, estimated 
at ^, of the intensity of the light of the full moon. Unfortimatelyt 
tlie intensity of moonlight was here considerably undeiesltiaated. 

Tliere are Still other sources of error involved in Hba exainiDatloa 
of OUT tensiiivity and sensible dticrimination for brightness, which call 
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for a passing mention. We have alieady icmarlccd [% 17. 2) that 
spatial and temporal variatioiis of the mixed light cmploj-cd modify 
sensations in the same way as vamtions in the intensity of stimtilns. 
it has been experimentally dcmonKlrated Uiat «ilhin cettain, 6üriy 
narrow limits, an increase of stimulus duration or of the magnitude of 
its retinal image has the same subjective effect as the increase of it« 
intensity. Both duration and magnitude must be cooceired of bs 
atnolutely very small. If the extension of the object of observation 
increases beyottd a certain magnitude, differences of sensibility are involv«d 
(6 above), while the sense-organ may very well be imable to com- 
prehend the object in its entirety. And when once a certain limit ol 
duration has been exceeded, the qualitative change in sensation ceases, 
just as it did witti tones: in physiological language, the maximum of 
excitability has been reached. The only result of persistent stimula> 
tiun bs an »[ipiLient diminution of the stimulus brightness, due to fatigue^ 
or the appearances of a phenomenon which «-e shall come to know 
later under the more gcneial rubric of 'fluctuation of the attention' 
(S 75- 6). Lastly, eye movements serve to inaease tlie sensitivity and 
sensible discrimination for brightnesses. A small dilTcrence can be more 
quickly and certainly remarked, if the eyes are allowed to travel to 
and fro from the one brightness to the other. 



§ 19. Tbe Sensation of Colour. 



I. If It was difficult to obtain a pure brightness, it is still mora 
difficult to obtain a puce colour. Indeed, as we have seen, no coloor 
sensation is ever given except in connection with a certain d^ree 
of br^itness, so that the preparation of colour tones cannot even be 
looked upon as the goal of scientific experiment, approachable by 
d^^rocs, however incapable of actual attainment. The only course 
open to us is to investigate colour sensations by abstracting as far as 
possible from the brightness quality fused with them. The abstraction 
can evidently only be successful, if at all, when the colour tones are 
relatively distinct, j>.. the colours very saturated, and when they allow 
of variation independently of the brightness attaching to them. Bui 
as we do not know of any source of light, whose refracted rays are 
all of equal intensity, a simultaneous fulfilment of these two conditions 
is impossible. In the solar spectnmi, t^., the green and yellow light 
is considerably brighter than the red and blue, while the sa'.uration 
of the two latter qualities is greater than that of the former. If w« 
diminish tlie intensity of the yellow and green raj's, we diminLth their 
saturation at the same time. In experimenting upon the sensible 
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ditcrimiDation ol colour too«, observe» hav«, consequent!)', been 
content as a rule to eliminate one of the two inevitable sources of 
error in the particular ca», the diminution of saturation, and have 
amnned that in little different homogeneous lights the brightness dif- 
ferences are negligible aa compared with the alteration in colour tone. 
But no reliable information can be obtained in this way as to the 
number of di&criminablo colour qualities, for the reason that there b 
absolutely no guarantee that the dilTctcnces noticed arc really difTer- 
enccs ol colotu tone, and not mcicly (or parllj) differences of bright- 
DCflB. On the other hand, if we seek to eliminate die brightness error, 
by keeping all the colour tones investigated at the same brightness 
level, there is the consideration that increase or decrease of tlie 
brightness of a colour tends to reduce it to a pure brightness sensa- 
tion. (>., forces the specific character of its tone into the backgroutuL^J 
This method would, Iherefoic, in all probability, give fewer distinguish^^! 
able colour tones than there really are. The observations recorded 
in the literature do not furnish sufficient material for an estimation of 
the relative effect of these two foctors, colour purity and colour 
brightness, as they croes one another tn the given case. 

2. A second difBnilty in the way of an in^-cstigaiion of colour qual- 
ille* can be best put in the foim of s question. May we suppose that 
we have obtained the complete scries, when we have worked through 
aa pure a spectrum as we can pioducc, and dclcimincd all the dis- 
ciiminable tones within it? It is quite possible that the various 
transition colours between remote qttaliliea, such aa can be got by the 
mixture of the appropriate rays, sad the various degrees of saturation 
of the same colour, might give us new simple qualities, not represented 
in the spectrmn. And the existence of the purples raises this pofsi* 
bnity into c«nainty. But, apart from purple, there do not seem to be 
any colour tones not in the solar spectnun. All the other intermediate 
or mixed colouxa prove to be familiar qualities, diifering from the 
spectral only in their d^roe of saturation. Brown, t^., finds a place 
in the series from red. orange, and yellow to a darkish grey; and some 
one of these three spectral qualities is cognisable in every variety of 
it. Rose, again, is a purple of diminished saturation and increased 
brightness. There is nothing antagonistic to our view of colour sensation 
in the ^t here brought out, that the saturation and brightness of a 
Dolour arc neiihei identical nor directly proportional to one another. 
A high degree of purity and distinctness may be combined with a low 
tlegrce of bttgh'ncss, and a less degree of purity with a greater degree 
of brig^toeas. Thore seems to be a most favoutablr brightness for every 
colour lone, 1'^., a particular brighmess at which it is purest or moat 
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ntnrsted. Red, blue and violet are more saturated in the spcctmm 
than are green and yellow: and w« accoidingly ascribed to Uiem a 
gicater colouring power, in the fonnuls of colour mixture (Fig. 7). 
Saturation cannot, obviously, be increased beyond a certain limit ; and 
ihcrcforc, under given condiiion» of illumination, there must ineviiably 
be differences of saturation in the different colour tones, even s-ith the 
most favourable brightness. 

3. We were able to define a colourless sensation in two different 
ways: by stating the degree of its colourlessn^s, and by assigning it 
to its position in the brightness scale. The same applies to colour 
lone. It is capable of modification in two ways, mote or less 
independent of each other: as regards saturation (purity, distinctness), 
and as regards position in the scale of colour qualities (measured by 
vibration rate). But while we could conceive of the various bright* 
□esses as arranged along a straight line, beginning with the deepest 
black and ending with the most brilhani white, we mait place the 
series of colour tones along a line which returns upon it»elf^ i.e., a 
curved line, inasmuch as we have transition tones between the 
terminal red and violet of the visiljle spectrum, which arc not identical 
with any of tlic qualities conLiined within it. It is, therefore, customary 
to represent the scries of colour tones as a circle. This has the dis- 
advantiigc that it ignores the different colouring power of the separate 
qualities, their saturation or weight (if the term is pennissible). The 
various tones discriminablc in this continuous colour series,— any point 
of which may be taken equally well as end or as beginning, — are all 
upon an equality in respect of simplicity. It is erroneous to say, as 
has sometimes been done, that certain of them are simple and others 
compound. Language has done much to further the error: we have 
no expression for many of the tones, excejit a connection of the 
names of the two neighbouring colouis. When we wish to designate, 
t.g., the quality intermediate between green and yellow or blue and 
green, or pn>duceablc by their mixture, we must speak of yellowish 
green, bluish green, etc. But there is no such coimcclion in the 
SenKttion of tliis qualitj'; and if we find that only certain coloure— red, 
yellow, green, blue— tiave special, simple names, that is not because 
they are the only wm|)le colour tones, but because they are the colours 
of familiar and particularly interesting objects. Purple, violet, and 
orange, which the same mistaken view regards as compound colours, 
have nothing even in thdr names to indicate their composition from blue 
and red or red and yellow. And within the range of colours which eadi 
name covers, there are many disctiminable tones, all of equal »mplicJly. 

4. After all diis discussion, we may attempt to determine the number 
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of distiDguishable colour qualities, in tenns of the diScrcnc« limina 

obls&ied from a colour ccnunuum of the greaust possible saturation, 

bf a method which abstracts from the changes of brightness attending 

alteraäoo of coloor tone. It has been found, in investigations made 

under these conditions, that there are two 'tenninal regions' in the 

' spectnnn, which show a difference of brightness only — sot of colour. 
One of tiMM extends from die beginning of the visibic spectrum in 
TtA (under favourable ciicumstances. 0000762 mm. = 762 (ifi) to about 
^55 IV ; t^ other fcom about 430f»|i to ihc end of the violet (311 pfi). 
Our sensible discniuiiiation for colour tones need, Ibercforc, be tended 
only over the middle portion of the visible spectrum; tlie tenninal 
tracts ma/ be dixr^arded. Examination of this range of colours has 
alwa^ givcD the same rotult: the course of sen.iible discrimination is 
not müfeim. The dilTercnce limen is. comparaiively targe in red and 
violett reaches a nunimal value in yellon* and blue, and liiis an inter- 
mediate magnitiule in green. Thus in red an ^ has been foun<l = 47 fifi, 
in ycllow = 0'88 mt, in green =188 )i(i, in blue = 072 (tji, and in 
motel = 30 fifb No determination has been made of our sensible dis- 
crimination for äjc purples. Calculating irom these data, wc may put 
tb« number of disciiminable colours at about t5a The delicacy of 
acnrible discrimination (measured by the magnitude of the average 
error in the method of that name) runs parallel, with few <levlatiüns, 
to it* DUgnitude (measured by the tliflerence liinina).^ Neither of tlicHe 

' Tesnits is absolutely conclusive, however, as we do not at ptcsent know 
enough of the undoubtedly very considerable inlluence of the variation 
of bdghtness. 

5. The duration of stimulus modifies colour sensation (cf. § >8.7). 
But here, too, it is difficult to be sure as to what is due to saturation 
and what 10 the brightness of the colour. At a certain lower limit 
of dtntion. all homogcnoous lights alike seem to produce a brightness 
effect only, tj^ to aflfcct the eye as would a mixed light, or an exceedingly 
strong or weali homogeneous light. With a somewhat greater duration 
of stimulation, the whole ^icctruin is seen in two colours, red and 
Utw— just as hai^ns with increased intensity of light. On other points, 
the records of different obscr%'ationB arc not in entire agreement. 
Some make the cognisabUily of a colour, the just noticeable colour 
tone, dependent exdusivoly on brightness, others on brightness and 
aataiatkm. This contradiction is altribuUble partly to differences in 
the colour stimuli selected (solar spectrum, spectia of artificial sources 
of light, coloured glasses), and partly to individual differences between 
observen and methods of experimentation. It is reasonable to supputc 
that saturation, which exerts a distinct influence upon the chaiacMx 
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of Ibe colour ton«, «hen the intensitr of tiie light b varied, muxt 
also exert an inducsce when duration is the variable &clor. Blue, 
wliich is usually much darker than green, is consequently .seen earlier 
thxn giGen. Violet, which is generally but vciy little Uuainous, is, 
on the other hand, cognised last of alL Yellow has been seen Gist 
in exi><:rin]ent3 with coloured glasses. But (i) these do not by any 
means give pure tones- and (2) the source of light employed (lamp 
light) was in itself pred :ninantly yellow in colour. Here again, then, 
the two influences of t ^■hlness and saturation cut across each other, 
in a way which we cannot at present exi>lain. 

We meet with the same result, when we seek to determine, not 
the temporal Umcn, but the length of time neoessaiy for the dbtinct 
and adequate perception of a colour, i.t., for the attainment of the 
maxinnun of excitation- If this time were simply dependent upon ihe 
brightness of the different colouis, yellow and green should become 
distinct before red and blue, It has been found, however, that, if 
brightness differences are checked and as far as possible eliminated, 
red is seen clearly before blue, and blue before green. 

6. One of the most surprising [ads and most important problems 
in psychophysical optics, Ac 'phenomenon of Piukinje*, apparently 
belongs in the present connection. If we alter the intensity of the 
%ht illuminating the scries of spectral colours, we obl^tin a remarkable 
change in their relative brightnesses. In the normal solar spectrum, 
I.«., with a iciativcly high degree of saturation of the difl'ereni colour 
tones, yellow and green are seen brightest, blue and violet darkest, 
and orange and red midway between these two groups. If the light 
is reduced in strengtli until tlie colours disappear, the order ofbright- 
nesscs is somewhat as follows: green, blue, yellow, violet, orange, red. 
The experiincni can eai^ity be made with coloured objects, and itc 
result is, perhaps, most »Inking when red or yellow is compared with 
blue or violet. By lamp light or day light there can be no doubt 
but that yellow makes an impiesision of greater brightnes.t than blue; 
in the twilight, at dusk, Uiere can be just as lilile doubt that the blue 
object is the brighter. Red is most etTectuaJly darkened by the dis- 
appearance of it-t t:ol()UT tone: it may readily be confused with black. 

The interpretation of these facts is exceedingly difficult, a« we shall 
see when wc come to discuss them in detail (§§ 49, 50}. At present 
it is enough to point out (1} tliat the Purkinje phenomenon illustrates 
certain peculiarities of optical fusion, and (2) that it shows the 
divergence between the relations of saturation and brightness or intensity 
in the various colours, of which wc have aheady spoken. 

7. The magnitude of the coloured surfoces has, within certain 
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linuts, aa Influence upon senxilivity and scnuihl« tliiKrimination, analo- 
gous to (bat exerUd by the duTatinn or inten.tily of slin]ul;itiun. Th«r<ij 
is, consequently, u 'moHt (iivouiable miignitudc' for tiic cognition an<t'] 
diacrinunation of colour tones, ju«t us there are a most favourabk 
intensity and duration of the coloured light. But, apart from this, the 
colour sensitivity of the retina w diiTcrcnt in dtlTcrent parts of its area. 
While the brightness sensitivity increases up to a certain limit ofj 
dmriation from direct vision, the colour sensitivity is genctaUy greatest ^ 
and most delicate at the fovea centralis, and stcadQy decreases both 
in magnitude and delicacy from centre to periphery. The order of 
disappearance of the various s]>cctral colours, as the angle of inclination 
to the sighting line of direct vision increases, is somewhat as follows : 
violet, green, red, yellow, blue. The magnitude and brightness of the 
colonrcd surfaces empfoycd arc here of primary importance. It Is, 
therefore, intelligible Uiat the results of different observers should differ] 
both as regards the order of disappearance of the colours, and 
extent of the axes over which they arc visible. The only point 
really iroiveraal agreetnent b llUs, tliat the nasäl j^irtions of the normal] 
reiin« are sensitive to all coloure at a grciUer distance from the centre 
than the temporal, and the upper portions at a greater <listance than 
the lower. The lelcological value of this anangcincnt i* evident. The 1 
two tnonoculiu fields of vision arc partly coincident. The outlying 
portions o( the two retime, therefore, mutually supplement each other: 
their colour sensitivity need not extend very far. But the inner, nasal ^ 
pottions arc intended to function for the most part independently, and ' 
are accordingly so organised as to possess, each in its own right, an 
extended colour sensitivity. Similarly, it is as a general rule far more 
important (01 us to survey a large section of Ihc lower portion of the 
Beld of vision, and cognise the colour qualities in it, than to h&w tlie 
power of overlooking an equally large section of its upper portion. 

J aa After'images aad Anomalies of Vision. 



I. AAer sensation^ n-garded as direct after effects of stimulation, 
are nowhere so strong and so characteristic as in the domain of sighL , 
The after sensalions of pressure, which have but recently been dis- 
coveted ($ 10, 5), would seem to appear only under verj- specialj 
coaditions, hardly realised by normal stimulation. The efTecis of 
temperature stimtili may persist for a certain length of time, but always 
(so far as «re know] in the quality of the original scnjation. An after 
taste and an alter smelt arc also known, but have not been made (he 
subject of any systematic investigation. As a rule, they arc probably 
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«mply a more or less tardy teniainder of the sensation excited hy 
the stiiDuKu. Lastly, an auditoty after sensation has been observed, 
which is precisely analogous to the after sensation of pressure: It is 
separated from the primary sensation by a brief interval, and tlien 
appears as a reproduction of it at a less intensity. But on the whole, 
ih« after effects of auditory imjiressions are very weak and transient; 
and we have, therefore, made no special mention of them. 

Visual sensations are exceptional in this respect The xisual afltr- 
imagt may difTer in quality from the original impres^on. And it 
presents during its course a number of phenomena which arc of 
intercst in various connections, and have consequently been often ex- 
amined. Thus the after-image b tonliHuota (follows directly upon the 
primary impicssjon, and constitutes a continuation of it) or dUerttt 
(separated from the impression by a brief interval, blank for sensatioa), 
according as the stimulation has lasted for a long or a short timcJ 
Again, it may be positive, resembling the primary imprestion in bright- 
nes.1, or negative, differing from it to a considerable deigree. Again, 
the after-imiigc of a colour can be tamt'coioured, i.e., repeat the 
colour of the :>limulus, or othtr-colound, i.e., exhibit a diflerent colour. 
These olher-coluured aftcr-images are u.'^ualty termi^d eompUmentary, 
as they are most commonly of that quality. Dut the mote general 
title is the more correct, since stimulation by mixed light with a 
predriminant colour tone may give rise to otlicr-coloured images whose 
quality is not complementary to that of the preponderant stimulus. 
Lastly, monocular stimulation can occasion an after-image not only In 
the excited, but also in the unstimulated eye (§ 9. 9). We must 
accordingly distinguish the direet image, of the stimulated eye, from 
Haa trossed image, of the other. 

2. Discrete after-images are only obtainable from stimuli of very 
brief duration (rig sec. and less), such as the (lash of a not too inten- 
sive electric spark. The [irimary image uj^ially (lisap[)eiirs with «!• 
traordinary quickness, and the appearance of the :iftcr-im:igc occurs 
after an interval of some \ *tx. Bet«-een sensation and after sensation, 
it i» said, there not infrwiuenlly irtcr%-en« a negative (or complement- 
ary) after-image of exceedingly short duration [']; and the positive ts 
sometimes succeeded by a second, weak negative. If the duration of 
stimulation is increased, the positive (or same-coloured) inuige follows 
directly upon the primary* sensation, to be followed in its turn, with- 
out noticeable interval, by the negative (or other-coloured). If the 
duration of stimulation b stOl further increased, a negative (or otlier- 

C] I ha» found loofimaliaa trf tlili cUtcmoiil In masocnUt tibaervMioD. netet in 
liliwcuiaf. Itinocular nialnM fg 68. 6) ii poalbly nvolaej in Iho pheDomaian. 
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coloured) image appears at once upon Its ces.<tation, i.e., continuom!/ 
Ttth the QTiginut sensation. It appears, therefore, as if the charac- 
teri«ijc counc of the »(ter^image could be studied most fully and 
widi best result in its lint fonn, as discrete; whereas the contin- 
uation of stimulation ted to the omission of certain of its suges. 

It is ci'TcIcnt, then, that the phenomena of the after-image are 
■easentiall)' dependent upon the duration of stimulation. Uut of very 
SITcat importance for its quality and the succession of its phases arc, 
fuithCT, the qualitj-, intensit)-, extension, and visual surroundings of 
-the Mimuhs. If wo stimulate the eye with apparently colouilcas tight, 
the after-image will also be colourless— unless certain cokiur tonei 
were really conlaiiied in the seemingly gray or white surface. If the 
mixed light is very intensive, and of not too brief duration, it give» 
rise to a whole series of coloured ar^cr-images[']. This effect is known 
as the ßight of eeloun in the after-image. 

}. Stimulation u*ith light of a single colour is usually followed (i) 
by a samc-colourcd positive, and (z) by a complementary, generally 
negative aßcr-ünage. If the illumination of the retina is sufficiently 
intensive, and especially if the field of projection is dark, the complc- 
meataiy image may also l>e positive. The greater the intenxily of 
stimulus, the greater is the duration of the after-sensation and the 
qoickcr the ajipcarance of its negative (or complemenlai}') phase, If 
the stimulation is sufficiently weak, on' the otJier hand, there may be 
no second phase at all. A light of considerable intensity and little 
duration or ciitcnsion has the same efTccl in after sensation, within 
certain limits, as a light of small intensity and greater duration oi 
extension. The >'isual sunoundings of the stimulus (of which we shall 
titat in detail when we come to speak of the phenomena of con- 
trast: I 68} may enhance or diminish the vividiies-s of the alter- 
image, coloured or colourless. The nearer they api>[oach to the 
colour or brightness of the stimulus, the less distinct vn the after- 
image; simply because the whole of tlie light falling upon the retina 
will be efiedive for after sensation, and tlie same laws of phase and 
quali^ will hold for the area which we term 'the stimulus' as for all 

tlTlaa, tha lookiag at tbe ira io\ at inoit \ nc.. I havcnsea (i) • t>tigt>l (potlttM) 
■ltaT-iaaf<v sUcfc (l) took on ■ r«d boidcri (]l theo the ceaUe becune giccn, and a 
tlöicl >■•• m^fmaA bufood lb« red bordrr : (4) then tho Tiolct bcckmr daik gray oud 
äiB red and frees ccsire poi« Une; (5) tlinn lli« Mu« changed to vhilr. «ith a rtd 
bordeii (6) tbai came a rom-TiolM coDlre. with dark blae boTdOT, while Ifa« dark fray 
MM he y ead look on ■ fiMoiah cnloni; and üully, (7) the «holn imaice wai bfaic^ 
wilh bflghl (IMS bocdcr, npoo a «hie« field. Thi> iuccmbod of phau« occu^fd 
nit»»Ki. ud otbcn would unduubtediy have faltaursd if I had oot iotempMt) 
wwraBon. 
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ihe rest. Th« brightness of the negative image of a blaclc object 
will, therefore, be proportional lo the brightness of ihe surroundings 
of the object and the darkness of the ticld upon which it iisdf is 
I projected. Again, tlie brightness and colour tone of the after scosa- 
tion are largely dependent upon the nature of the primary light, the 
original itimulus, and of the rtaettng light, the illumination of the field 
in which we see it If we tisate a green object on a white back- 
ground, the after-image on white ts reddish, on green whitish, cm 
red led. The tame green object seen on a purple background gives 
in the dark ßeld of vision a deei> purple image witli a broad green 
bolder. Finally, it must be mentioned that tlie excitability of the 
aßer-image difl'ers greatly in different individuals. The stimulability of 
an eye can, to a certain extent, be measured by its after sensitivi^, 
!>., the qualitative and temporal course of its after-images. 

AU these statements refer dthcr to the binoctilar or the direct after- 
image. Proof has recently bcca adduced of the existence of a crossed 
image, which in temporal and quahtative regard is a weaker copy of 
the direct. Its total duration ts less, the complementary phase appears 
later and is less saturated, its form is less distinct, sometimes it does 
not attain to the complementary stage at all, etc. Special practice is 
required for its observation: the two monocular fields of vision must 
be sharply separated, either by the help of instrumenta constructed for ' 
the puqrase, or by squinting, or by exclusive conceotiation of the 
attention upon one field. 

4. Corrc»i>ündiiig in vividuess and variety to the phenomena of 
aftcr-imagcK arc a number of subjective mual sensations, which cannot 
be referred to the mere after effect of stimulation. We abstract here 
&om the centrally excited sensations (which will be discussed in Ch. 
IV.), and shall mention only the light dust ot tight chaos, composed 
apparently of finely sifted specks of light, urtiich is seen in the dark 
field of vision of the rested eye. If the eyes are quickly moved, there 
sometimes appear weak Hashes of light, probably due to the mechanical 
sbodt imparted by movement to tlie optical apparatus. They occur, 
too, tmder inadequate stimulation, — pressure, pull upon the cye-baU, 1 
section of the optic nerve, electrical excitation. In all these cases a | 
flash of bright light has been observed, Indefioite in outline, and 
localised at the place of stimulation. 

A leading part among subjective seosalions is also played by enloptic 
perceptions, i^^ the observation of objects witliin the seeing eye 
üself. Under bvouiable conditions we can see threads and granules 
moving bi the vitreous humour, ur an image of the retinal vessels. 

We need not go into these phenomena in detail, as they have no 
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xjgnUicaiu:« for ps)rchologtcal optics. Thcii quality ä alwajnt some 
OQO of the famittar scries of colours or brigliincsscs; and it has not 
been found possible to tum them to accoimt for a theory of the 
physiological conditions of visioo. 

5. More important in this connection are the various anomalies of 
vision. We mean by tlie phrase not disturbances of visual space per- 
ceptioD, but the abrogation of certain visual quiklities. It is noteworthy 
(1) t)i:it a more or less complete colour blindne» /fe/n/ or /iirrid/r^/ntTr 
Slindntu) i* found, without impainnent of the brightnes* sensitivity, 
but that there b no such thing as a separate brightness blindness, 
and (3} that in cases of total blindness, »a^ of abrogation of scnsitt« 
"vity both for colour and brightness, the intrinsic retinal Ught or 
xotinal black (§ 18. 7) also disappears. Total colour blinduess ii 
rare, and generally implies a diminution of the sensible discrim* 
inatton for brightness: but partial colour blindness is quite common, 
and presents a number of ^'arietics. Occasionally the blindness is 
confined to one eye, so th^t the visual qualities remaining can be 
-checked by those of the normal retina, and the correctness of their 
de6nitioo anoicd; but this is not often. 

Three dassifications of colour blindness may be mentioned, (t) 
Visual systems have been divided, in terms of the phenomena of 
colour mixture (§ 17), bito Mthromath, dichnmalü, and monoehnmatit. 
The Donnat eye is trichromatic; the totally colour blind monochromatic; 
and the partially colour blind, all of whose sensations can be produced 
by the mbctuie of two primary colours, dichromatic. There is further 
■s special class of anomalous trichromates, who react to three primary 
cotours, but to three which dilTcr considerably from those ofthc normal 
type. Tbb classification is based upon one particular theory of tlic visual 
qualities: the second upon another. {2) It is assumed that red, green, 
and violet arc not only primary colours {i.e., of primary importance 
in colour mixiuic), but also primary sensations, corresponding to definite 
etcneniary nervous processes. There are tlien tliree possible forms 
of dichromatism : red blindness, green blindne»». and violet blindness. 
Ü) A tlilrd theory, finally, looks upon red-green and bluc-ydlow blind* 
aess as the only possible forms of partial colour blindness. 

All tltese classifications, however, are merely schematic. Each 
rubric coven a number of demonstrably different forms. And even 
as schemata they are inadequate. Tlius a case of inscnsitivily for 
violet, green and yellow has recently been observed, in which all 
"vaiietfes of visual quali^ could be obtained by the mixture of red 
and blue, and these two were actually oomplcnientary. 

6. Wc cannot devote more space here to the diagnostic methods 
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or Special fonns of colour blindness. It will be suiEdcnt to 
certain important tcsullt of its observation, which lead lu to tha' 
subject of the next Section. If it is true, as has lately been aueitedi, 
that hardly .-my two instances of colour bltudncss are precisely alikc^ 
the siini>tiL-i[y of the classifications bilherlü proposed can only be 
defended on tlie g^oond that it allows of a general nurvey of the 
whole field. In other respects it must be regarded as allvgcthcr pre- 
judiciaJ to the detailed invesligatiun uf tlie facts. Assuming (as we 
did in § 19) that eveiy discriniinable quality in the closed series of 
colour tones i^ equally simple fur sensation, we must accept a very 
large number of puxxible varieties of coloui blindness. It must be 
emphasised, in paiticulur, that the di^nppcaiance of patticuUi colour 
qualities docs not, on this view, necessarily involve the abrogation of 
tiMur comptemcntarics. And the scale of biightncss sensations, aa 
otherwise independent scries of visual qualities, must also be consi- 
dcicd as not necessarily affected by disturbances wfithin the colour 
scale. This position has recently received confirmation in the course 
of careful investigations of total colour blindness. The brightness of 
tlie mdnoclironiatjc spectrum proved to be precisely the same as that 
of the normal speclnmi in Puikinje's experiment (§ 19. 6). A colour 
blind individual is, therefore, in ruudi the same condition as une 
afflicted with partial deafness. It has been found tliat th« sensitivity 
for tones can be diminished, while that for noise remains unimpaired. 
The analogy between this case and that of total colour blindness 
cannot, of course, be pressed; but we may reasonably compare in- 
seositivity for deep tones (bass deafness) with, say, red blindness, 
or inscnsitivity for high tones (treble deafness), which is especially 
common, with, say, violet blindness. An abrogation of certain por- 
tions of the middle region of the tone scale b also known, though it 
is far more rare. Just its in psycho]>hysical acoustics tlicse fads have 
been held to support ttie theory of a cochlear keyboard, an anatom- 
ical and physiological inxttument reacting selectively upon sound waves 
of diifecent vCbratioii rates, tlie parallel facts of colour blindness have 
been a|>i>caled to, in psychoph>-sical optics, to prove the existence ol 
nerve fibres si^cilitaUy sensitive to red, green, and violel, or of ;i 
rctl-grccn and blue-ycIlow visual substance. 

§ ai. Theories of Visual Sensation. 

t. The optic nerve, the second cerebral nerve, connects Hie peri- 
pheral organs foi the reception of light stimuli with the central termini 
ot visual excitations, situated in the occipital lobes of the cerebral 
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OOCUx, and »iwcuilly in the oeighbourhood of the calcarine fi.tsure. 
Whether cCDtri: or pcriphwy i» |)hysi (»logically respoiixiblc for the 
diflcient %-isu;ii qualities U a question which we oiTinut at present 
aiswcr «ith any degree of certainty. Some observers regard the 
peiqtheial tenninal apparatus of the optic nerve in the retina as stmc- 
tatres «if&cicQily differentiated in lorm or excitability to scr\'e as the 
substrate of all the variety of our visual sensations. Others prefer 
to pbce the anatomical or functional differences of optical eicitation, 
required by the facts of consciousness, in the central organ. Some, 
again, ha^-e had recourse to both — making the retina discriminate 
colouis. and the cöitcx brightnesses; while others explicitly decline to 
refer the hypothetical differenceä in nen'ous process to particular locall- 
tios within ilie optical nervous system. The dllTercncea between psy- 
cbophysical llieones of vision and of ttic other senses, and between 
the visual theories themiwlves, are ihu.t obvious from the very rmt. 
It seemed self-evident th:tt the qu^ilitie« of sensations of hearing, 
taste and prc»urc should be brought into relation witli peripheral 
Oijans. In the case of sight, not even this preliminarj- point has been 
finally settled : and under such circumstances the translation of ttieo- 
rctkal ideas into the concrete is plainly impossible. It is not surpriv- 
ing, then, cither that the psychophysical theories of vision should be 
different, or that they should be abstract. Until tlic facts which we 
bave passed in review iu the previous Sections can be explained in 
defiidte physiological and anatomioil temu, llieir 'theory' muslneces- 
saiüy remain a mere conceptual rurmulation of i>oslulatcd physiological 
pcoccsscs more or lets liappily adapted to the psyihical phenomena 
«hieb it has to cover. We can here only sketch in briefest outline 
äie loost recent attempb made to cope wttli this difBculty. 

2. In this condition of aifain it is uot incumbent on as to give 
any vci>' elaborate description of tlie optical appar.itu.i,— more csped- 
altjr as we shall düicuss certain |»rtt of it in detail when wc come 
to treat of viuial »pace perception (§ 58). Of the path <>f light rays 
through the relhu-tivc media of the eye, t^^ wc «h;ill .lay ixtthing. 
The esseittial facts are as follows. The optic ncn'c, on entering t!i« 
cye-ball, tadiatc^i in all directions over the internal ocular merobraiie, 
the retina. It i^ insensitive to light at the place of entry, where we 
find none of the peculiar tenninal organs, the rods .iiid coiies. The 
tight ray must penetrate fairly deeply into the retina, before it can 
exrite these tenninal oijgans. At the spot of clearest vision, the yellow 
»pot at fo^-ea centralis, arc set cones only; over the remaining area of 
the retina is spread a mosaic of rods and cones, the latter becoming 
atore and more sparse as the periphery is approached. What change 
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is produced in Ibe substance oi these structures by illumiDation we do 
not know. Tlic length of time required for the origination of a vi«ii,-t1 scn- 
satioD, and the long duration of the after effect of sümulation, suggest, 
however, that the process of retinal excitation is of a chemical natwe. 
The significance ol the change of form of the cones (they become 
thicker and sliortcr under illumination) has not been ascertained. Light 
has a visible eSlBct upon tl)e visual pinple, which b found in the ex* 
tenial members of the rods, and causes a migration of the particles of 
pigment iu tlie jMgmenl layer: but though it is not improbable that 
boüi processes are in some way related to sensation, uhethei of bright- 
ness or colour, nothing positive can be said upon the question. Nor 
has any tenitbtc hypothesis been proposed of the possible stgnificaace 
for the visual qualities of the extraordinarity delicate electrical stimula- 
bility of the ocular apparatus, and in particular of the idto-retinal 
currents. Even less can be said of the processes set up in the cortical 
visual area and the lower centres, such as the corpora quadrigcmina. 
So that in the sphere of nsion wc are unfortunately altogether unable to 
correlate anatomical and phj'siological facts with psychological data. Psy- 
chology, therefore, furnishes at once the only real criterion of^'alidity 
and the exclusive factual support for ihc three theories which we shaU 
now set forth. 

3. (1) Regarded &om this standpoint, the first theoty—originally 
propounded by Young, and extended and specblised by Helmholtz — 
is certainly the least probable. It starts out from the existence of the 
three primary colours. From the fact thai there are three homogeneous 
lights, the mixture of which in tlie right proportions gives all the co- 
lour tones, at a relatively maximal drgree of saturation, and alt the 
colourless sensations, it is argued tliiit there are also three elementary 
exdtatioiut, and three primary sensations corresponding to them. The 
three excitations ;uc conceived of as iwcutiar to three differently func- 
tioning nervous appariitu.s, whose peripheral terminations are endowed 
with tliflerent kinds of photochcmically decomposable subsiancet. 
Stimulation of one gives rise to the sensation of red ; stimulatioo of ^y 
stber, to that of green; of the Ihixd. to that of violet Objectively^H 
'tiömogcncous light excites all three apparatus, but with different degree»^^ 
of intensity, according to its wave length. Thus the red substance <if 
the phrase may be used for the sake of brevity) ts intensively excited 
by red light, less intensively by yellow rays, and very weakly by 
violet. Every peripherally cxdted colour sensation depends, tbcrdbrc, 
nn a mixture of Ihc three clemeDtary excitations. Lastly, white arises 
in sensation from the simultaneous stimulation of all three substances 
at an cqtial degree of intensity. 
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(tf) The most »eriotu obj«clion to the theory is the indubitable inde« 
peiulence of the leiies of brightneu seasations. We have only to 
icmember t)ic existence of total colour blin<lncia, tlie )nu« biightnen 
<]iuilily which results from very brief, very iniensive or very weak stimu- 
latioD with homogeneous light, and the pheoomenon of Purkinje, to 
3k: fully convinced of this. The secondary hypothesis of a qualitative 
-variability of the elementary cxdtation», which has been set up to ex- 
plain, in particular, colour blindness and the decrease of the sensble 
discriminatioD for colour tones towards the periphery of the retina, is 
inadequate to meet the objection, apart from the &ct that it leads to 
«xticmcJy difficult and indcicnninatc ideas of the actual character of 
the tbiee primary sensations. (4) Moreover, the phrase ' piimaiy sensation' 
seems to be alb^ther inadmisUble, Considcicd as sensations, all the 
colour tones inleimedialc between red, giccn and violet arc as simple 
and dementuy as these tlienuclves. And the principle of psychophy- 
sical porsIleltHm does not by any means require tliat all sensations be 
correlated widi equally elementary nervous processes, (f) Finally, the 
thcxtry does not take account in a satis&ctoty way of the incongrtiity 
between the physical and the peydtological (emphasised in § i8), and, 
mwc especially, of the connection between colour tone and brightncw, 
of the complementaiineas of colours, and of the psychological equi- 
valence of intensive homogeneous and mixed light. 

4. (2) Hering's theory of vision iinpiovcs upon the Young-Helm- 
bollx hypothesis in most of die points to whid) we have taken ex- 
eepdon. It, too, niarti »ul from the assumption of tliree visual sub- 
•taivces, though it cxj>ressly declines to localise them. Each of these 
(ubstances, however, b capable of serving as tlie substrate of two antago- 
nistic nervous processes, disiimüation and assimilation, oorresponding 
respectively to the loss to tlic living organism occa.tioned by the e^idta* 
tk>n, and to its subsequent rcpiiir (cf. % 11. 3). The six hypothetical 
processes thus obtained arc the physiological concht» of six sensations, 
which axe, by the verdict of introspection, the only simple visual 
qualities. They arc the colour tones red, yellow, green and blue, and 
the LolouHcss aensations black and white. A gray, Hering says, 
bears evident marks of its composition from black and white, and 
orange, violet, etc, show as evidently that ihey arc derived from the 
mixture of two principal colours. The four colour tones arc so chosen 
that red and green, blue and yellow are compkrmentaries: a condiuoo 
which shifts tlie 'primary red' hi the dbection of purple. We have, 
accordingly, blue-j-ellow, red-green, and black-white substances. Red, 
yellow and white are tensation-i of <lisKimibtion ; green, blue and black 
sensations of assimilatioD. Every tight stimulus stimulates the black- 
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white tuluiancc, white the other two substances are aflectod only by 
mixal light with a prcpondcnint colour tone oi homogeneous light 
uf a visible wave Ictigth. If assimilation and dissimilation aie in 
equilibrium, we have do colour sensation, but only one of brightness : 
anri if the cquilibitum ocoirs in the special black-white substance, it 
gi'i'cs rise to a sensation of gray intenncdiate between the two exUcmes. 
Mixed colours and degrees of bnglitness ariie ftom the piepondcrsuce 
of aadmilation or dissimilalion in vanous propoitions. 

5. There can be no doubt tliiit Hcring'i theory does fuller Justice 
to llie factt described in our ])revioai Sections tlian ttial of Helm* 
hahz. Its idam are, it is true, for the most part too abstract to 
futnish a real expl.inution of Uie factx, but at least they accord better 
witli ex[)crience than do those of the foregoing hypothesis, (a) The 
most serious objection that can be uigecl against the theory is, again, 
objection to the relation into which it brings the two series of 
ured and colourless sensations. The complete analog)' between 
the processes in the black-white substance and the two colour s^ib- 
stances, auumed by the theory, docs not really exist. Complemcnt- 
ajy colours pass into each other through a point of indifference, but 
the passage from the deepest black to the moat brilliani white is along 
a continuous series of colourless sensations. It is Impossible to sujipow 
that an equilibiium of assimilation an<I dissimilation can in one case 
give rise to an interraediate gtay, when in other case» it cormpond-' 
to llie point of indifference between compicmcntary colours, »>., to 
an abrogation of excitation in the particular colour substance. Tbc 
pectili:ir nature of the brightness scale is imrccogniscd, therefore, in 
this theory as in the other. We must demand that the idea of anta- 
gonistic nervous processes be given up, cither for colour or for bright- 
ness : it cannot possibly hold of both. (4) Again, an introspection 
which dieiinguishcs by direct analysis the red and yellow, *^., in 
the traniilion tones lying between those qualities, and finds in every 
shade of gray a miiaure of pure black and pure white, is ccitairdy 
not characterised by tliat 'impartiality as regards the (acts' (§ z. 3) 
which we have seen to be a necessary condition of its psychological 
application. That a sensation differs more or less from certain other 
sensatioDS must not be interpreted to mean that it is a mixture 
of these. The ordy qualitative analysU of which we arc capable, when 
a letinal element is simultaneously stimulated by two or more colours, 
ts llie discrimination of colour tone and brightness, (c) We may 
pass over other difficulties, such as the inadequate expboatioa of 
certain forms of dichronmtitm. It need only be briefly remarked, in 
condusion, that it is extremely improbable Utat tlie blue and green 
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lajrs, whicb aic just as much stimuli as the red and yellow, exert an 
astüißilaiivc Inßucnco upon ncnrous substance. 

6. (3) Wundt's thcoiy °' ^'^ visual quaLiucs is, pethaps, themosl 
atMlrac^ but at tlie same time the theory which accords best witli 
the facts of obseTvatioiL According to it ihc normal retina, when fre 
trom stimuliUion, b in a condition of pcnnancnt excitation üom withü 
The coneble of tliia cxdtatioi> b the scnsalion of black. Every 
stÜDnlstton sets up two excitatiom, a chromatic »nd an achromatic 
The former is an approjdmalcty periodic function ol wave lei 
the mc«t extreme visible difietences of wliich produce similar physio- 
logical cflecb. The edects of cemin intermediate diuTcrcnixs are of 
opposite characters, so that they can entirely caned one another. 
The achromatic ctcitation b dq>cndcnt uj)on wave length only as 
regards its relative intensity, The two arc, further, aUcctcd ia diflercnt 
ways by the intensity of light. The achromatic begins at a very low 
degree of stimulus inlcosily, and increases continuously with it; the 
chromaljc is greatest at moderate intensities of stimulus, and loses in 
weight, relative'y to the achromatic, both with increase and decrease 
of tlie stietigth of stimulation. 

If wc translate tliis view into the current phraseology of 'visual 
substance', we obtain two substances, one of which reacts to light some- 
what as the |:upit does, i.t., retjionds only to its intensity, and even when 
affected by horoogcncoiu ra.y% »ccms to be dependent simply ujioii ilieir 
strengthen while the other stjinds in an equally exclu«ivi; functional 
relation to the quality of coloured light, i'.^., to wave length, The 
apparent dependency of chromatic excitation ugwn stimulus intensity 19 
readily explicable &om the number of degrees of fusion of colour tone 
aad brightness, as is the analogous apparent dependency of achromatic 
excitation upon wave length. Wc then only need to make the further 
assumption, for the chromatic substance, that the excitations set «p by 
any two complcmentarj' lights cancel each other when they originate 
in the same retinal clement, and that the diScient colours attain the 
maximum of sattuatioo or distinctness at diScrcnt degrees of light intensity, 
^ft'ith tliese simple postulates it is possible, on Wundi's hypothesis, to 
gjvc an unforced explanation of all tlie phenomena of vision. 

7. In conclusion, «e may notice one or two &cts which must be 
rt^rdcd as important, whichever of the extant theories of vision we 
may accept or reject (i) The superior sensitivity of the peii|)hery 
of the retina for brightnesses is usually ascribed to the increase in 
the proponion of rods from the centre outwards. Tlie rods are consid- 

[*] fliiiiiMirit t» SmIu, Hwi pufölUi tfuctbn to coloun it i]M«Rti!n*db)rtheirii//b'<i*/ 
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ered to be catoptric structures. (2) The TOlouring of the yellow 
spot sccDU to cxctl ao cspcdally weakening influence upon the blue 
rays, by absorption; and the fluorescence of the retina to be some- 
what ptcjiidicial to the approximalion of the colour tones of the red 
and violet rays at the ends of ihc spectrum. C3) Fcchner proposed, 
and Helmhcdu and Wundt have adopted a theory of aflei-images, 
according to which the positive and same-colooicd phases coireqxmd 
to the afici cdcct of the original excitation, while the negative and 
complementary are to be looked upon as phenomena of retinal ex- 
haustion. The theory needs revision, in face of the pause in sensatioa 
between primary excitation and positive after-image, observed with 
stimuli of short duration. Hering r^ards after sensation partly as a 
continuation, partly as a [eartion, of assimiliitiun or di^imilation in 
some one of the visual substances. 

H. voo HiiltahcAü, ffanJbuthifr phyti^hgiichtn Oftii, 18G7. Seconded. 1885 £ 

H. Aabert, GranJiupr dtr fhytiflngttckfn Optit, 1876. 

E. HninK, GmaJnUgr tiatr Thterit drt UthUinai unJ Jtt Fartettttniii, 
Sititcr. J. Wtaur Akad. 4. Will., AbtJi. 3, vol. 69. 

J. ton Kita, Die <rtiuhtifmfjliiäiingtn tind iMtt Anatyie, 18S1. 

W. Wantll, DÜ EmffinJung id* lickU ititd drr FarUn. Piii. Studun, «oL 
fl, pp. 310 ff. 1887. 

(5). The Quality of the Organic Sensations. 

§ 83. The Muscular, Tendinous and Articular Sensibility. 

1. By 'organic sensations' wc mean the sensations adequately stim- 
ulated by changes in the condition of the bodily organs, — muscles, 
foints, etc. Thus the scnsadon evoked by the mos-ement of a limb 
or arisiDg from muscuhi fatigue, and that which follows frotti a dimi- 
nution of the amount of moiitiure tn llie mucous membrane of the 
pharynx, arc organic sensations. In every case, the adequate stimulus 
consists of a change in the condition of the particular organ, and the 
organ itself b the peripheral seat of origin of tlie nervous excitation 
wliich is thus set up. Tlic fact that the stimutui acts within the body, 
--indeed, is a bodily process, and that the organic sensation itself is 
^K not referred, as a rule, to any external cause, has led to the belief 
^V that a sharp line of distinction must be drawn between the internally 
r - excited and externally excited sensation contents. The latter are the 
I sensations of the 'five sense*'; the former constitute 'common feeling",^ 

I allhoi^h an exception has sometimes been made tn favour of the 

I 'muicle sense', which has been accounted the sixth of the special 
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senses. Bui there 13 nothing iu the phenomena to juslif}- tliia pttndpte 
of class! ficuttoa. 

(1) Scnulion qualhiei my be esMOtially similar, tiow-ever great iti« 
diffcTcnccs in thdr localisation. (2) LoCKlüatioD » not a luife criterion 
JQ any ca$c. Hius, if it a to serve as difftuHlia, the subjectified 
visual scnsalions must be included in common feeling. If on tho 
Other baiid the name if used to denote complexes, fusions of sensations, 
It must be remembered that these cannot be co-oidinated with the simple 
qualities of the external senses. Oui present invcsligation of oisanic 
sensatkm will be confined to the dlscus^oo of the quesliciii whelherthey 
present new qualitie!^ not cootaincd in any of our previous lisb, and 
to tlie explication of their peripheral origination, where that is possible. 

2. The heading of this Section enumerates the most familiar, and 
peiliaps the commonest of the organic sensations. The three clashes 
are stilt not infrequently groui>ed togetlicr under tlie name of tlie 
mmtlt lenst. But now that we know that not only th« muscles, but 
the ligaments, tendons and articular surfaces mediate sensations, which 
would all um within the group covered by tlib term, we must evi- 
dently give it up as inadequate. It is more usual at the present time 
to und the Bcosations classed as movtmail trntaliont or kinicsthetic 
waaattoiMi, for tho double reason that they arc most effectually excited 
by tnoveraents, and serre as our principal means of estimating move- 
ment But this very ambigiuty of application has pio\-ed to be a fruitful 
source of error, and is sufficient to condemn the proposed title. Since 
we are now able, «ithin certain limits, to determine the special parts 
played by the various otgaiu in 'mo%-ement sensation', it seems best 
to employ the particular rubrics given above— muscular, tendinous and 
artkolar sensibility. We thus escape Oia danger of a confusion of the 
visual or cutaneous 'movement sen&ationa' with the organic. 

The analysb of or]ganic sensations has not been an easy matter. 
The organs are not exposed, isolated excitability can only be predi- 
cated in rare caseSi and the stimuli are not sufficiently well known. 
The two methods of qualitative analysis which we have I»c^•Jously 
described (% 12. 2, j) as the physical and physiological, cannot, there- 
fore, be called upon to assist in their detccmiiuttion. Again, the normal 
indistinctness of tlie quatitie:! and their very high degree of fusion 
prevent any exact discrimination by introspective analysis. Our know- 
ledge of the sensations is, in bc^ entirety due to experiment and to 
anatomical, physiological and pathological observation. It is only sinct; 
the sixties, to speak roughly, that a special muscular sense has been 
recognised, while the significance of tendinous and articular sensation 
is a discovery of the past few years. 
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3. If we move our hand slowly to and fro with fin^rs outspread, 
while the eyes remain closed, we have (i) an extraocdinaiUy 
accurate visual idea of its changes of position, (2) a number of fairly 
distinct cutaneous sensations, due to changes in the tension of the skia, 
and (3) very v:igue and weak sensations from subcutaneous organs, — so 
littie intensive that, in certain positions, we are conscious only of thoM 
residing in the wrist-joint. If, again, we hold our hand out as though 
wc were fiimly grasping some small object, the interna) sensations are 
very vivid; preponderant in the complex being a certain sensation of 
strain, which quickly becomes unpleasant. Wc observe stmilai sensa- 
tions if we let our arm hang down while a heavy weight is held in the 
hand, only that the strain sensation is now distributed over the whole 
ann. These facts seem to show that the sensations arising from the 
friction of the articular surfaces are brought into sped.-d clearness by 
movcmcni. and that they are specifically dißetent from the strahl sensa- 
tions, which are not neceasarily exdled to a noticeable degree by the 
simple movement of a limb or organ. We can oon^-ince ourselves still 
more positively of the existence of articular sensations by mo>-ing a 
finger whicli is Strongly pressed down in its socket, i,t., under condi- 
tion» of unusual proximity of the articular surfaces coricemcd. Strain 
sensations, on the other hand, appear most intensively in conscious- 
ness after exhausting bodily exercise or in muscular cramp. When the 
limbs arc not moving, the excitations set up in the joints arc exceedingly 
weak and, as a rule, no more remarked than the cutaneous excitations 
due to the pressure of our cloth«s. Wc may. accordin^y, suppose 
that movement is the adequate stimulus for the articular sensibility, and 
the contraction of muscle and tendon indirectly dependent upon it the 
adequate stimulus for the sensations excited in those organs;. As both 
muscles and tendons are involved in every contraction, we may for 
the present employ the general term strain sensation to cover all the 
sensations derived from them, distinguishing this class from that of the 
articular sensations. It is evident that only the articular sensibility 
can furnish exact infomatlOD of extent of movement; that it alone can 
arouse an accurate visual idea or a direct judgment nt change of position. 
Indeed, thb b a universal rule of sensation. While it b characteristic of 
adequate stimuli that tliey stand in the most comprehensive functional 
relation to the sensation» which they excite, wc also have in them, 
conversely, the best criterion of the existence and quality of particular 
sensations- The adequate stimuli for articular Sensations aic more* 
ments, the positions of a limb from moment to moment; the adequate 
stimuli for strain sensations arc the greater or less degrees of coatrac- 
tioD of muscle and tendon. 
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4. Anatom; and phyäology haw proved Üie cxialcnce of sensoiy, 
nerves in joint, ligament, and tendon as well as in muscle. The arti- 
cular sarfacea arc ridily .fupplied wilb the Valcr-Padni corpuscle*,, 
familiar to us from the external skin (g 10. 6), and the sinews contain 
peculiar tominal appaiatui, the seraory terminal pbte» and the s]iiii<llcs 
of Golgi. The nervous temiinaiiuDH in the maicle» are, for tlic most 
pan, free libnllai prucessea : nuclei aie sometimes found. The existence 
of scnsücy nerves has also been demonstrated in llie fascia and sheaths 
of mwcle and tendon. Wc may, perhaps, cimjetitire fcoro these facts 
that strain sensations are mediated by the peculiar terminal organs of 
the tendon nerves, while the free nervous tenninations or Vatcr-ParinI 
cofposdes arc excited in the same way as the cutaneous pressure nerves, 
and give rise to qualitatively similar sensations. The articular sensa- 
tions are, imdoubtcdly, vciy closely related to those of pressure. Of 
muscle sensations proper wc know hardly anything. Goldscheidei 
nndctcd Ihe skin over a muscle anaesthetic by a subcutaneous cocaine 
injection, and then produced a slight muscular contraction by electrical 
stimulation. There was no sensation. With increased slrengtli ofeur- 
teni and stronger contraction, he obtained " a dull sensation of peculiar 
«rhaiacter", which was qualitatively entirely simQar to a sensation caused 
by prcMtire on the muscle, wa« Nubcut.aneously locilLsed, made an 
impTCSäon of 'tUflüsion ', and did not at all ^luggest the iitea of movement. 
Tl)c same obfci^'cr has shown that our judgment of the heaviueM of 
lifted weights, when the cutaneouK pressure factor '\% oa far as ]Kivsiblc 
cbminated, is founded not u]i<>ii svnsations iif muscular innervation, but 
tipon imprcsakms proceeding from the strain exerted on the tendons. 
It seems certain, therefore, that the strain sensations, in Ihe i^irict 
sense, which may play so large a part in consciousness, are periph- 
erally exdied in tlie tendons and the t=ndons alone. On the othei 
hand, the muscle sensations, which were formerly accorded tlie leading 
lAle in ihe cognition of weight and the estimation of the magnitude 
and direction of movement, do not really appear at all, except as the 
result of inlcnave stimulation, great fatigue, or in the form of muscular 
pain; and, consequently, are only useftil as informing us of the functional 
capacity of the organs. 

J. This view is confirmed both by psychophysical expctiment and 
patholopcal expeiMncc. (i) It has been proved (ä) that our sensible 
«liKrimination for the heaviness of weights is much moredclicate when 
ibcy an lifted, than 4hcn they exercise a merely passive pre»surc upon 
the skin. (^) Wc know, too, &om cvnj'day observation, that the 
weight of an object in sensation is proportional to its distance from 
the point of rotation of the moveable limb. This Qtusiration of the 
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law of the level couJd not be cxplaincti in terms of siniple cntancoüs 
«msatioD. (c) And, lastl)'. sensible discrimination and sensitivity for 
vcigbts remain uDimpaiicd when the sensibility of skin and muscles 
has been very greatly reduced by artificial means, t-g., by faradisa- 
tion; whereas the same sensitivity is propoitioaally lessened by diui- 
QUtiOD of the tendinous sensibility. We may conclude from these 
obKVTvatioRS thai strain sensations produced by we^hling a moveable 
limb uic of independent oiigin, and ttiat the place of their origination 
is the tendinous nene terminatiun. On l}ie other hand, there are 
numcroux invesligaiions and experiences which spealc for the import- 
ance of the articular »cn>it>i[ity. (a) It may be conjectured a priori 
that muscular and tendinous sensations cannot form the ground o( 
our judgment of the position and movement of oui limbs in the 
absence of viswd peTccption. We saw above that movement is not 
to be regarded as the adequate stimulus for str^ sensations Wc 
may now add to this the lad that it is impossible to postulate a 
uniform relation between amount of contraction or d^rec of exten- 
sion of muscle or tendon and magnitude of mo\-ement. Not the mere 
change in length of muscle or icnilon would apficar to produce a 
sensation, but only the intensity of the strain accom|xiriytng contrac- 
tion and extension. It plainly follows that a considerable mo^'ement 
may be correlated with an insignificant strain, and a slight movcmeni 
1 Willi a severe strain, »'.<., that there b no proportionality between 
' extent and dircciion of a mo^■cment and the pos»blc concomitant 
sensory exdtaUoos in muscle and tendon. On the other band, the 
elation between the positions of tlie articular surfoces as refnards each 
^Other and positions or movements of tlie limb is Just as am|:de as that 
between the different i»tu of skin or retina and the points from which 
.they are stimulated, {i) If the arm is supported by a rest, its position 
'can be juilgcd m, correctly as tliuugh it were held out frcdy, bi spite of 
the extremely different amounts of muscular activity involved in the 
two cases, (r) Ex|)crimental diminution of the cutaneous and mus- 
CuJac Bcntihility by the interrupted current docs not impair the judg- 
ment of position and movement, wherea* a similar dj.tlurbänce of the 
articular sensibility affects tbcro very coiiwderably. We see, tliere- 
fore, iliat the articular sensibility furnishes the real basis of our per- 
ception of the po»ti<m and movement of our limbs, where an ap]>eal 
la vision is excludcsd. 

(2) Pathological observation is in complete agreement with these 
results, {a) In cases of complete anxsthesia of the external skin, 
ihe judgment of the positiion of the limbs b perfect^ non&al, and 
even where the ansesthesa involves the mutcles it is not inadequate. 
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If, DD the olhci hand, the whole limb is msenüitiv«, the patient kta 
aa object Eall which is giveu him to hold,— unleüs he ran look at 
it, — and has no idea at all of the portion of the diäea&ed limb. (J) 
It has alio beeo noticed tliat patients wußerißg {rom aiucsthcsia oi 
!t]ün and miudes give the most accurate judgment of movement if 
ike atlicular mtCiices of the moved limb are pressed duNcly together, 
and become very uncertain in judgment if the joint is pulled as far aa 
possible apart. 

6. The inference to be drawn from this discussion b veiy simple. 
(1) The quaUty of artictdai seasations is, in all probability, quite 
similar to the qualit)- of pressure, mediated by the external skin. 
(3) The strain sensations derived &om the scnsoiy nerve tetinina- 
tions in the tendons present a new quality. {3) The muscular sen- 
satioos, which become noticeable only when the change of organic 
oondhioD which stimulates them is of some magnitude, are also, it 
SMIBS, of a pecidiat kind, although we cannot give any dcänitc ac- 
count of their quality. 

The qualitative similarity of aiticul.-ir and precsure »easations can 
be iltiutlmted in another wny. Besides theii importance lor space 
perception, the articular surface» furnish us with information of tlie 
Tenstancc which wc cncotinlcr in toucliing, grasping, striking, etc. 
Oar judgment is based, in particular, upon the intcnsitj- of the scnsa- 
tioos aroused, which are exceedingly responsive to ^^ariation in the 
amount of the resistance uffered, the deaiity and solidity of the object 
touched. That it i.s really a specißc function of ttte articular sen.iibility 
bai been shown by Goldsdieider, in a series of experiments deviated 
for this express putpose. The phenomenon whidi he names 'the 
paradoxkal reostance sensation' Is very striving. Suppose that a 
weight, not too light, attached to the hand or finger by a thread, is 
drv^>pcu witlt moderate quickness tiD Et strikes suddenly, but as nobe- 
lesriy as possible, upon some soft surface. There at once arises a 
bidjr distinct sensation of resLttaiice, due to the peinistence of the 
coQtractioo of the antagonists after the «dglit has cca.ied to act, and 
the ooD»cqucnt increase in the conntcrprenure of the articular surfaces 
against each other.— It is very misleading to term tttc same sensations 
seasatiom of resstance or of position and mo^'ement, according as 
they mediate an idea of resistance or a spatial perception. We m^hl 
equally well name the cutaneous pressure sensatioDs sensations of 
ptvasun^ place, or movement, as circimistances suggested, and so 
jqipear to imply tlie existence of three different qualitic&. That two 
daases of judgments or ideas should originale in the same scrHatioos 
does not piesent any real difficulty. In the cognition of the magni- 
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lode of a pressure or resistance, their intensive diifeicnces arc the 
important thing: in space perception we rely not upon this intensi\'e 
gradation, but rather upon their local difference. The character of 
the dependency involved cannot be further discuäscd here. 

Tt is impossible at present to attempt a detailed theory of the 
musru!;ir, tendinous, uid articular sensibilities. We will only mentioii 
in conclusion that all the sensoiy nerves concerned probably ascend 
to the l>rain in the posterior columns of the cord, and radiate in the 
ceicbriU cortex for the most part in the neighbourhood of the posterior 
centrul convolution. It is noteworthy that these cohimns, whose chief 
fiinction is to inform us of the condition of our own body, attmn their full 
gniwth particularly early in the development of the individual organism. 

C>. E. Miillcr and F. Schumum: Utter die ptyrholegjithrt Gntmitagrti 4*r 
Vergitickui^ grkobmrr Gtwuhte. PBaßct"» drthäi /. J. ges. Phytiol,, *ol. 4S> 
pp. 37 IT. 

A. ColdschaileT : UBlrrsvchttttffen Abet den XfusMiinn. Du Bois-Reymonil'i 
ArJUp /. Physiol., 1HS9. pp. 369 IT. Supplraicm. Pp. 141 ff. 

E. B. DeUL^■^o : Oitr BtwtguHgifwnpfiniluiigtH. Di»«UtiuD. Fniburg. iS^i. 

L § 93- Analysis of the Common Sensations. j 

P The 'StaUc Sense.' 1 

I, We employ the expression common sensation, in place of the 
usual phy>tolo)(icii] term 'commim feeling', tu designate certain com- 
pound mental states, which are the result of the combination of various 
sensory excitations from the periphery of tlie body, and whose elements, 
90 far as they can be ilctermincd by analysis, are to be regarded as 
sensations. This definition escUides two special elements which play 
an impoilant part in common feeling as ordinarily understood, Ü., 
the pleasurable and painful constituents of the complex. It is a Eact of 
continual experience that these processes (which in our terminology 
must be denominated feelings) ate apt to attain a high degree of 
intensity when compounded with iensalions of the internal organs. 
Peripheral pain appe-.us almost exclusively tn company with aensatioos 
of this kind, and the must intensitc sense pleasure, the sexual, also 
occurs in connection with certain organic sensations. Since the presence 
of a Mnmg feeling conceal tlie quality of its concomitant sen^tions, 
the analysis of a cla.-« of sensations which hardly ever make their 
appearance cxce[)t under this L-<inditii>n will obviously be exceedingly 
difficult Moreover, the experiinental appliances, which render such 
.good service elsewhere in facilitating the isolation of the constituents 
of a complex, by specially directed variation and modification, for 
purposes of observation and judgment, are here abnost entirely useless. 
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deioiptian <£ the common itcnKntion* mint, therefore, be incomplete 

lad hypothetical. We can do no more than review their most ^miliar 

(^inns, and detenciiie thcär presumptive elements. With this intention 

will deal as briefly as possible with hunger and thiist, tickling, 

'b^bln^ tingling, and shivering, exertion and fatigue, the scnsatJonB 

,ilUiidiiig the cardiac and respiratory activities, and phyücal well-being 

'</a revetse. 

1 Hungir and Ihirsi arc the common sensations which more parti- 

ffllarly sulwerve t!ie nutritive ini]iulsc. Their hicalisation is comjiaralively 

hunger is uniallj' terirrred to the interior cX the body, and 

;t to the buccal cavity. But the causes of thetr appeannce, 

imate and remote, are «till obscure. We may suppose that their 

lisation is correct, i>., tiillics with their peripheral origination, since 

list can be quenched, at least for the time being, by moistening the 

palate and the root of the tongue with citric or acetic acid, and 

hanger has been removed by the direct introduction of food into the 

itoÄacfa through a fistula. The condiiion of thirst would thus appear 

to be a decTea.se of the amount of motelure in the mucous membrane 

<£ the mouth. That the addt can generally quench tliiret is due to 

their special action upon the secretion of the salivary glands. The 

qoali^ of the sensations noticeable in tiiiist miut be regarded as 

onaneoos, and preponderantly as that of pressure (the tongue 'cleaves 

to the roof of the mouth*), But that some part is played by temperature 

Knsaüons is shown by the well knowii phenomenon of feverish thirst, 

which may rise to the point of pain. The proximate cause is again, 

in all pfobabiKty, a drying of the mucous membrane, which thus loses) 

m its power to conduct heaL The conditions of hunger are mora j 

icalt to determine. It might be thought that continued inacli\-ity' 

the muBcubr system of «tomiich and intestine would result in a state 

of stimnlation giving rise to this complex of sensulinn^. Moreprobab 

is the aAtmiplion that the fomiation of acid, which takes ]ilace on ani 

increaMd scale immediately after the completion of digestion, acts as 

a stimulus upon the mucous membmne of the stomach, and so 

provokes hui^r. On this theory the quality of tliesensattoos involved 

woold again be cutaneous. 

5. The second group of common sensations are also, undoubtedly, 
complexes of cutaneous sensations. TietUng is produced by weak 
and ititennittent stimulation of the skin, or sometimes even by a mer 
B^t touch upon some part of iL The unpleasant factor in the 
actuations shows itself in reflex or voluntary' movcmonls at defence, 
nibfaiog of the stimulated area, etc. The expressive movera<:nt of 
which often accompanic« tickling and stand« in a^^t«nv 
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contradiction to the movements of repulsion, is .probably not the dTect 
of the common sensation but of feelings arising from tlie comiciili^ 
of the situation. Iteking appears (to the author and othent) to be a 
complex of tlie same sensaltons as tickling, except th;tt it generdily 
arises from some internal cutaneous change, wiDiout the operation of an 
external stimulus. We may accordingly suppose that the causes of tlicüe 
two common sensations are the same. And it seem.s reasonable to imagine 
that alteiatton.1 of circulation aTc the proximate conditions of tickling 
and itcliing alike. It has been found tliat gentle pressure or blowing upon 
a poitioiv of the skin is followed by a considerable increase of arteri;il 
bluod pressure, while inteosii-e and even painful stimulation is often 
unable to influence it in any way. ['J We may, therefore, believe that 
certain processes (not at ptcsuut definable) in the vessels which supply 
the skin serve as the substrate of the cutaneous impressions of weak 
pECSsUrc, and cspcdally of more or less vivid heat, which occtir in 
quick alternation in tickling and itching. The qualitati\% constituents 
of lingling, pricking, pins and needles,— complexes which are sensed 
in their full character during weak faradisation of the skin or the 
'waking up' of a limb which has 'gone lo sleep', — are altogether 
similar, except that tlie spcd:il intermittent sensations are stronger üian 
they are in tidcUng. Here, again, we may refer the oommon sensation 
lo excitations of the sensory cutaneous nerves, due to cliange in the 
taetubolism of the tissue. Skivering and goose-fiesli »eein tn originate 
in difliise cxdtalions of the nerves of temperature, as certainly as fcvcr- 
ishness and parchedness. They may all be ascribed, once more, to 
vasomotor changes. 

4. Extrtkn and fatigue are qualitatively most nearly related to strain 
sensations and muscular sensations. Both are among the most familial 
of common sensations to those who are intensively engaged upon 
physical or mental work. Tlie peculiar sensations of this kind, o^n 
paising the limit of pain, wlUcli ate aroused by persistent mental ac- 
tivity, arc the result (t) of the continuance of a detinite bodily position 
during a long period of time, (2) of the unvarying accommodation and 
fixation of the eye, and (3] of involuntarily arising strain ol the super- 
ficial musdes of llic head. According to the general law that a 
nervouit excitttion of a given intensity can be produced eitlicr by ait 
intensive stimulnt of short duration or by a weak stimulus of long 
duration, we may a-wume that the continued action of the weak stimuli 
involved in such cases u-ill in the long run lead to these common 

I'l I have kbo D<rlic«i] that irhra th« tilood u confinsd vilhin tlie fin^r bj a 11^- 
iDi* round tho lowMt joint, tlw «enntivitjr of die UoUMd phalasgn (or lickting u 
entirely dQbofod. 
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I leuatioas jnst as infallibly as a brief experience, say of the carrying 
of a heavy load. The common aensations which accompany allcrations 
of the activity of the Atari and of rtspiration are of a similar nature, 
like most impressions of the same class, they only become noticeable 
V a general mle when the stimuli aio interne and the disturbances 
Ibcy cause unpleasant, or when a change of some magnitude takes 
P^ in the organ» which mediate Ihero. We are for the most part 
oonsdous ofdy of the cutaneous sensations excited by the movements 
<^ heart or lungs, or of secondar}' phenomena connected witli the 
gnster or less degree of uniformity with which these orgiins supply 
file tissues. At the same time, tlie original sensations of strain and 
(Sitaiistioa in heart and lungs sometimes make themselves known in 
U> unosually strong hcart^beat and respiration. Lastly, the states 
which lead us to say that we arc 'all right' or the contrary furnish a 
paiticutariy good itlusiration of the ordinary vagueness of the common 
Mtsations. If we abstract from the feelings of pleasure and pain, 
«tdch are certainly of primary importance for both conditions, it is 
hardly possible to point with assurance to any group of definite sen* 
tations, to which üic feelings arc attached. 

5. So far, then, we have found no new qualities among the common 
WDsatkins. But this does not niTect the multeity of their total im- 
prosioD: spatial and temporal relations, the intensity of the dilTcrcnt 
qualities, and their connection with feelings are sulHdent to endow them 
with great variety. We now pass to the consideration of another 
common sensation, giddinesi, which has lately come to be regarded 
as the function of a particular sense organ, that of the sialic seme. 
This organ consists of the nervous apparatus of the vestibule and 
semicircular canals of the labyrinth; and the nerve which conducts 
its excitations to the centre is the vestibular, one of the two main 
brandies of the eighth cerebral ncivc (cf. g 16. 1). The vesribule is 
divided into two sacs, one of which, the utricnlus, coitununicatcs with 
the canals, while the other, the sacculus, is connected with the cochlea 
by the cochlear canal. In both divisions are certain small elevations, 
the maculftc acusticac. into which the nervous terminations penetrate, 
and from which they issue in the form of brisilc-cells or hair-cells, 
A very delicate membrane rests upon these hairs and supports tlie 
otoliths, minute white crystaLi of carbonate of lime. The nert-ous 
atÜDnlation is, in alt probability, set up by a mechanical concussion 
of the ptHDts of the bristle.s in the endolymph. The fibres of the 
vestibulär nerve which enter the canals terminate in a verj' similar 
«ay. The canaht themselves are three bent tubes, filled with endol>-mph, 
•nd placed at right angles to each other in the three planes of Bpacc. 
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Each of them as h leaves the vestibule swells out to fonn an ampulla, 
which contains the neive eiidiugs. These again take the shape of fine 
bristles or haiis, projecting fanwise from a lidge, the crista acustica, and 
covered with a delicate menibiaoe. The excitation will, tberefcire, be 
a similai mechanical concussion of the liquid of the labynoih, such as 
would be produced, t^^ by a movement of the head. 

6. It was fomtcrly thought that tlie exciiutions of these organs had 
to do with heating, and, in parttculaT, with the perception of noise. 
Recent];, an attempt has been made to use them for the explanation 
of our cognition of the direction fiom which a sound comes to us, i.t., 
to give them a funcliona] signiücancc as organs for the localisation 
of auditory stimuli. But despite its apparent support by the spiutial 
aimngcment of the three canals, the hypothesis is exceedingly im- 
probable, for the reason that there is absolutely no proof of a uni- 
formity of relation between the spatial positions of the sound produdng 
body and the various points of excitation of the vestibular nerve. On 
the other hand, an alternative theory, which malces canals and vextibulc 
the organ of a static sense, is steadily gaining ground. It embraces, 
however, two distinct views which are liable to be confused. Hie 
first is, that the vestibular nerve endings constitute an oi^an for the 
mainteDancG of the bodily equilibrium; the second, that they mediale 
sensations, or more ooreeclly ideas, of rectiliueal movement and rota- 
tion of ttic l}Ddy, and especially of the head. The two hypotheses 
an not mutually exclusive, but they do not either necessarily imply 
one anotlier. The condition of bodily equilibrium can be conceived 
of as regulated entirely by reflexes, willuiut any particij>ation of 
ooniciousnc:». And just as we should not tliiiik of making Ute constant 
arousal and government of the respiratory and cardiac activities dependent 
upon sensations, so we need not suppose that the setiEoiy excitations 
proceeding Irom vestibule and canals effect the delicate and accurate 
adjustments of the muscles of body or head, which maintain equilibrium 
in the most different movements and positions, simply and solely By 
way of sensation intermediaries. We must, therefore, separate the 
question of a rcQcx mechanism lor equilibrium from that of special 
cou-tcious processes due to t)ie same bodily organ. We shall find 
that the existence of the former ts well attested, while that of specific 
sensations is still su6 judiet. 

7- The result ol (i) anatomical investigatioDs has been to show that 
the principal connection of the vestibular nerve b with the cerebellum, 
although it also has a centre in the medulla oblongata. No path to 
the cerobial cortex has as yet been made out (2) A large number of 
physiological observations on animals have put It beyond question that 
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BUB BBBwmtitute in imporUnt organ for the maiiiicnancc ot oqui- 

wnam, rxdting and susUiniDg a pcrniancnt muscular tonus, /.<■> a 

cETtain active tension of the muscular system. Tb« more delicate and 

■amd the fuDclioas of a poxticulai muscle, the more completely subject 

it »ems to be to tlm oigan. (3) Tbese facta ublain ^-aluable support 

bo patbolog)', from obsenations made on deaf-mute^ lo a ceTtain 

percentage of cases, tlie peiiphetal organ of ttie vestibular nerve is 

Ibiiiul to be destroyed a« well :i.i that of th« cochlear. A similar 

popcvtion of patients undergo cliaiatrteristic dbturbances of equilibrium 

■hoi Uindlblded. Many of them, also, show no tnicc uf the 'com- 

pauator}'' eye movements, which aj)[»ear under normal conditions after 

nUlion of tbe body, and whidi [loitit to <i rcßcx connection between 

die Dcrves supplying the musdu of the eyeball and sensory excitation of 

be vtstibalai terminations. (4) Lasdy, Mach's psychophysical cxiicrimrntx 

OB the objecti>'c and suh^cictivc phenomena produced by passive rotation 

isd ncctflincal forward movement of the body, render it probable that our 

jnilglDeDt of the position and movement of the body is derived only 

in part &om the indications afibided, t.^., by the articular and cutaneous 

Maaibilitics and räual perception, and that there must be a special organ 

ia tbe head aSixtcd by change of [x>sition and acceleration of move- 

menL All these retulbt, a» we cun see, furnish evidence for tlieexis- 

tepc e of a reflex mechanism, the scnsoty portion of which is jilaced 

in canals or vestibule. The character of its peripheral excitation ha» 

been variouily conceived. Some observers refer it to a concomitant 

raovenient of the cndolymph. others to simple change of pressure in 

tbe endoiymph, and others again to active ciliary movements of the 

hair-ccUs, which must meet with a different resistance from the water 

of the canals in accordance with the position and movements of the 

head. However this may be, tbe situation of diese structures b such 

that an alteration of tbe position of the head can at once effect a 

change in the excitation of the entire orgaiL 

& But the qticstion of tbe mediation of peculiar sensations by 
weatibtüe and canab does not admit of any such definite answer. 
Animal vivisection, of couEse, leaves it entiiely upeo.— all tlic more as 
the particular motor dbtuibancea whidi follow removal or blocking of 
tlie canab or electrical and mechanical stimulation of t}ie ampuUaty nerve» 
appear with th« same (or even greater) r^^larity af^ extirpation of 
the cerebrum as when the cortex is left intact. Moreover, an impartial 
introspection of out non-visual ideas of bottiiy puNition and movement 
does not give any new sensation qualities bcsilcs the cutaneous, lendi- 
ooiB and aitktilar. The only psychical process which appennt to 
Mpreaeot the activity of the organ ia consciousness is that <^giddineu. 
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which may also make its appeiininoe, as we know, after rotation, in 
the form of Totalory vertigo,' But Ulis process has such a variety of 
causes — it can arise. *^., without any movement of head or bocly — 
that it ia dangerous to make it exclusively dependent upon an afTcction 
of the canals. It is difficult to say what the common clement in 
sensations of giddiness is, when wc have abstracted from the objective 
disturbance of the co-ordination of movements and its various con- 
comitant phenomena. If we describe it as 'an illusory perception of 
the spatial relations of our »uiroundings, ' the specific cbatucler of tlie 
common seniation is leit entirely unmentioned. The nature of the 
excitation in vestibule and ampulla .suggests that the sensations produced 
there may be regiirdcd as pressure sensations; but, under ordinary 
drcomst an cea, we do not appear to localise qualities of thia kind in 
die neigh l>»urhood of the organ. The argument that deaf-mutes arc 
often found to be incapable of sensations of giddiness is weakened by 
the consideration that indindual differences in inclination or disjio^ition 
to attaclcs of vertigo are normaUy very great. We must, therefore, 
mupcnd our judgment with regard both to the origination of thecommoD 
sensation and the possible qualiücs mediated by the 'stadc sense.* 
Wc shall return to the subjea in brief when wo are dealing with th« 
idea of space (§ 62. 6). 
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§ 94. The Intensive Sensibility. 




1. The problems to be solwd by the psycliology of sensation in 
connection with its second general property, that of intensity, are 
simpler than those presented in the sphere of quality. We have not 
now, as in the previous Chapter, to devote most of oui attention to 
the discrimination of a large number of coiuicions contents, eacli and 
all (Icnuuiding special description an<l theory. Intendty is a more 
abstract sensation attribute, and can, therefore, be much more easily 
dealt with from general points of view, valid for all qualities aliki 
Tlic differences of numerical result which are natiually found 
in intensive sensitivity and sensible discrimination do not affect di: 
Statement. For in our consideration of the intensive sensible discrim' 
inalion we shall come at once upon a general uniformity, wluch 
will be of great service in faciliLiting our survey of tlie facts. And 
the dUTerences which we shall discover in intensive sensibility, where 
they are not due to the incomparability of determinations in various 
sense dc[3axlm«nls, find thdr explanation in certain pecaUarities of the 
external sensory apimratus and not in tlie nature c^ particular quali- 
liea. We shall, therefore, be able, ul^r a brief discussion of the 
general problems and method« of this part of our subject, to give a 
simple tabulation of the most important results obtained for all the 
classes of sensation discussed in the foregoing Chapter. 

2. The intensity of a sensation is an attribute of unite cnent and 
one-dimensional character, defined by its upper and lower limiting; 
values. The lower limiting value is that of the weakest or minimal 
sensation; the upper, that of the strongest or maximal. We can, 
again, give a numerical expression of these vahics only by translati 
them into term.s of itic stimuli which correspond to them. The jusi 
noticeable stimulus Is, tbetcfore, the equivalent of a sensation just 
discriminable from no-sensation ; and the Urmiaal stimu/ut the cqtii^ 
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v^cnt of the Strongest sensation, i.e., of one which is not suscepttbl? 
of further intensification. As thorc are just noticeable sensation stimuli 
or stimulus limine in other connectioni« than the intensive, we stiall 
speak in this Ch;ii>ler of the iat*mhe slimulus timttt. The expression 
'temiiiial stimuius', on the other Iiaiid, has been restricted to denote 
fctiie upper limit of seDsaiion intensity. It b certainly posäibte to cm- 
Moy it, too, in rcfwence to the other sensation attributes. Thus we 
Enight use the expression 'qiuilitativc terminal älimulus', when wc are 
giving the number of vibiatioDs required for a perception of tonal 
quality incapable of further increase of distinctness (cf. g 15. 4). And 
we might conceive of an ' extensive terminal .stimulus,' as marking the 
limit of comprehensibillty of a spatial complex in the field of vision 
or of Tcganl. But we need not attach any weight to these posutMÜ- 
lics, since the terminal stimulus, in whatever reference it b meant, 
cannot be of very great importance. In the present connection of inten- 
sity, in particular, we must remain content with the name, and the 
Ll>dief tlial it corresponds to a fact: we arc precluded from undei- 
'laking any special or detailed investigation by regard for the integrity 
of the organ experimented on. The ordinary measure of sensibility, 
Lin all the sense departments, is consequently afforded by die stimulus 
rUmcn. The only other detcrminatioo which yields useftil results is 
that of relative sensibility by the method of slimulus comparison.— The 
sensible di^crimination for intensities is al.<io subjected to measurement. 
The methodK c-mployed are those of difference detenoinaliati a«<i 
dificTcnce comparison (cf. § 6). In every case, the affection of sd-l 
raulus correlated with change of intensity in sensation is of great im-l 
porlancc- Wc have no right at all to assume an exclusive functional 
Lidation between strength of stimulus and inicnsit>* of sensation. Sen- 
nation intensity is also dependent upon the temporal and spatiul 
Icharacter of the stimultis. At the same time, the streng;tli of stimulus I 
bean a similar relation to intensity of seasation, as is boine by the 
adequacy of stimulus to its quality. It accordingly fumishe» us 
with llie only means of a complete determination of sensitivi^ and 
sensible diiicrimination for intensity over thdr whole extent. 

3. (1) Intensive seniibilily bi the si>here of <tilantout sensations.— 
(a) The adequate stimulus for prature sensation is the presence upon 
the skin of some ponderable body. The intensity of the sensation is 
dependent upon itie weight of this body. The intensive- sensibility is 
Itrsted by the aid of thermally indifferent objecti, t.g., small cork 
'pellets. It has been found in this way by tlie metliod of stimulus 
determination that 6 varies within wide Ihniu according to the part 
of the skin which is stimulated. Thus it is 3 mg. upon forehead. 
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m««, and chocks, 5 mg. on lips, upper arm, and nape of the nock, totrig,on 
the fingers, and 1 g. on tho nails. Moreover, the limen on the «xtrem- 
itin ia sAincwhat lower over the «rttolc leß side of the body üian over 
die lighL Tlio düTcrences in these values are certainly more than tlic 
expression of a varying sensibility in the cutaneous nerve endings: they 
point to the influence of the very considerable differences In the thick- 
ness and cesislance of the epldennia. Wc do not know how br they 
«e refenble to the special forms of nervous terminations in the skin 
fjl 10. 6). Another noteworthy foct is, that cold weighu seem heavier 
than warm weights of the same magnitude. Its explunation must be 
looked for in the mechiinteol eOects of themtul stimuli upon the »kin. 
We knuw nothing tlcfinile about theie: but it is not tmprobable that 
they are connected with the diminution of sensibility which is observed 
to accompany hypencmia, and tlie increu.ie which attends ana'mia of 
a cutaneous area, {b) An examination of the intensive sensibility of 
UtHfitraiun sensations presents peculiar difficulties, owing to the varia- 
bility of the physiological zcro>point and the uncertainty attaching to 
its determination. Wc cannot at present make any positive statement 
of the magnitude of the just noticeable stimulus of beat and cokLJ 
Some measure of information b aifordcd, however, by the results 
oimulus oompaifaon In this department. It has been ascertained that 
the sensitivity for cold is on the whole greater than that for heat; 
diat the inacase or decrease of the two sensitivities at diÜcrcnt parts | 
of the body follows parallel line»; that sen^tivity in ([enetal is inorei 
weakly developed In the median line of the body than over ib lateral [ 
sorfaccs; and that as a rule it Increases firum the periphery towaFdi'l 
the trunk. The expbnation of these phenomena is afforded partly by] 
the more frequent occurrence of cold sjxiti, partly by llie tUßcrcnt 
eoDdocti^'ity o( the epidermis, p;irdy by vuiijition in nervous and vasaiUr 
«apply, etc. Lastly, it is interesting to renuirk that temperature stimuli 1 
appear more intensive, the larger the cuUiucous area which they affect. 
A bowl of warm water seems warmer to the whole hand than when only 
a sin^ finger is dipped into it. Whether this fact is to be considered 
a snuuuation effect, or is merely dependent upon the different scnsi-f 
ih'ity of the different parts of die skin, cannot at present be decided. 
4. (j) Intensive sensibility in the sphere of sensations of laiU and 
imeU. — Wc h.ive already seen (^ 12, 13) tliat the adequate stimiiluaj 
foi these sensory qualities cannot yet be defined in terms of physicf I 
or chemwtry. The customary statementt of tlie relative quantities of| 
(tsftatoiy or olfactory substances which constitute the stimulus limea'l 
tct, therefore, of but doubtful value. For we are not justified in con- 
duding from them that the sensitivity for the particular ta&te or smell 
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s.limuli b diflereoL Thus the assertion that a strychnine solution in the 
proportions of i : Zfioojooo is just noticeably biilcr, or a Bacchsrine 
solution of r : 200^000 just noticeably sweet, does not necessarily 1 
imply that the aenxilivity for bitter is greater than that for sweet. We 
have no meusure of bitter or sweet; so that the results possess simply 
an etnpiricul vsilue for particular known substances. Precisely the same 
lioklx of llie senxe of «nell. It is true that the acuteness of taste and 
smell in different indi%'i<lualK can be compared in this way, and that 
such comparison will always be useful in clinical investigation. But 
it is more important for the psychologist to know that riiffcrcnt parts 
of the tongue possess a different sensibility. Unfortunately, there arei 
no exact quantitative determinations of this ha (for which cf. § 13.5)' 
extant. The intcnsit>' of gustatory sensation is fotthcr dependent, like 
that of temperature, upon the magnitude of the area excited. It can 
be increased by movement and pressure of the gustable substance 
within the buccal cavity. The intensity of olfactory sensation is depen- 
dent upon the rajndity of respiration of the current of air charged 
with the iilfactiiry njlmtance. Sensitivity seems also to be increased by 
a quick »ucccision of inspiratory movements ('sniffing^. 

5. (3) Intensive sensibility in tlie sphere of auiAito^sensatiomt,— The 
intensity of a sound stimulus Is represented by the amplitude of the 
ablations or concussions occurring in the ordinary medium (atmospheric 
air) or in some moveable solid body, etc. This amplitude is merely 
the expression of the kinetic energy of the movement of the vibrating 
masses. We have no adequate objective method of ascertaining the 
intensity of the non-pcriodic and aperiodic concussions which form 
the substrate of nmple nr complex noises, independently of the state- 
ments of tlie ob.terver whose sensibility we are testing. The pho- 
nometric determination of sound intensity in psychophysical experiments 
is, therefore, uMialiy carried out upon a principle similar to that 
einpliiyed in photometry: the objective stimulus values in the appaiatm 
employed, — say, clastic balls falling from a rocasuiabJe height upon 
a resisting plate,— arc determined by way of a subjective compa- 
rison. The results arc, then, purely empirical, valid only for the 
material used, the special circumstances of the observation, etc Thus 
it has been found that a cork pellet of 1 mg. «right falling from a 
height of I mm. upon a glass plate at a distance of gi mm. from 
The car is just audible under favourable external conditions. A stmilar 
1 attempt at an absolute determination for tones with a pipe of 181 
Ivibrations gave tiie amplitude of vibrattnn of an air iwtticle at the 
Utmiting distance of audibility as 0'00004mm., and the medianical work 
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pcffonncd od the tympanic membrane as — rryp — kgm. Tliis illiulnitcs 

the esltaordinary acutcnens of hearing. On the whole, the sensitivity 
for tones appears somewhat greater than that foe simple noises. Tli: 
is explicable on the assumption that a noise excites a large nuro 
of uuditury fibres weakly, and z tone a small number relatively strun 
ti t^- 4> 5)- Interesting b another fact uf frequent übsen-ation,—th 
the sensitivity (or high tones is, in general, greater than that for 
tones. We are reminded, in this connection, ttiat the tymp^iic inemb 
in its relaxed condition has a tone of its own, of some 700 vibrations, 
which neccaaarily becomes higher as the tentii<]n ix increased; th;ttthe 
other »ound-conduclins portions of the middle car possess high tones; 
and that tlie resonance tone of the tympanic cavity itself belongs in 
the tipper region of the scale (S 15. 5). We cannot here discuss 
pathological disturbances of the intensi^-e sensibility, which are especially 
oonunon in audition. 

6. No adequate test has been made of intensive sensibility in the 
<phcie of organü sensations. The difBculiies which it presents are, 
for the most part, due to the normal impossibility of varying the sen- I 
nations in isolation. Even the articular scn^bility admits of intensive 
gradation (t) 22. 6) only to a very limited extent. 

A further interesting qtieslion which falls under the rubric of intensive 
ttnsibility is that of the wasing and waning, or the riu and /all of 
tensfttioiu. The qualities of the diflerent seitses show peculiar <)ir- 
(erenccs in thi^ regard. A sensation of temjwrature, ta-ste, or smell, 
Bttains only gradually to an intensity corresponding to the intensity 
of th« given stimulus, whereas a sensation »f pre.-Mure or hearing seems 
to retch its maximum at once. Tlie same holds for the disa]>i>carancc 
of sensation. The diifereni:e miut be referred not to the si>ccial nature 
of the ner%'ous process, but to difference in the mode of stimulus 
transmission. The epidermis is a poor conductor of heat, so that a 
temperature stimulus mtist act for a certain length of time before it 
can produce its ciTcct upon the terminal nervous apparatus, while the 
excitation cannot cither disappear at the movement of the rcmova] 
of the stimuhis. And the purely mech,'inical transmission of pressure 
to the sliin or of sound through the Auditory organ renders possible 
an apparently instantaneous origination and e\-anishment of the cor- 
respondiitg sensations. On the other hand, the transmission of a 
taste oc smell stimulus to the organ which it is adequate to excite I 
must be conceived of as retarded by circumstances of which we are 
still ignorant. 

We saw above that a quantitative determination of the Itrminat 
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iiimulus was impossible. We should not, perhaps, go very tax wron 
if ve made ihe appearance of pain the criterion of maximal seosaliot 
intenstf. At least, the quality of a sensation generally becomes moic 
oi less seriously blurred at this point 

§. a5. The Intensive Sensible Discrimination. 

1. The principal problem which wc attempted to solve by the aid 
of sensible discrimination in the sphere of sensation quality was that 
of the number of distinguishable qualities within a given sense depart- 
ment. The nature of the functional relation which wc might there 
6nd obtaining between qualitative change in sensation and its equi- 
valent change in stimulus was in itself iodilTerent to our inquiry. 
And we found, as a matter of fact, that the relation took on very different 
forms: for tone sensations, there wa-t :i cun-tL-incy of the ab-sc^ule 
sennble discrimination within cert;iin limits, beyond which it decreased, 
but not in such a way that we could formulate a dcftrUtc law, valid 
for any considerable portion of the sensation scale; for visual 
tiona of brightness, a constancy of the relative sensible discrimioatii 
within certain limits, beyond which it decreased ; and for vistial scnssf' 
tions of colour, a variation of the absolute sensible discrimination 
between high and low limits, »ith an incgular distribution of its vahii 
Ilsc«med inadvisable to draw theoretical conclusions from these differ' 
of result, until we had arrived at some positive idea of the nervous 
processes corresponding to the changes in sensation. On our original 
delinition «f quality, a discriminabilily of qualities was equivalent to 
tlic discovery of sejiarate sensations; and for each particular quaUty 
wc required a particular stnictore or {unction in the sensory organs. 
The laws of qualitative sensible discrimination, therefore, were valuabls 
for a theory of sensation in general: they pointed out the way, so to 
speak, which we should follow in order to attain to a general theory. 
But there was, plainly, no spedal problem involved in the functional 
relation between sensation change and stimulus change. Wc had 
simply to suppose that every noticeable stimulus change must be 
paralleled by a difference in the nervous process underlying sensatiOD, 
a difference obtained, perhaps, by the aid of specific, peripheral terminal 
stmdurcs in the service of perception. In the different theories of 
vixual sensation, /^., we can trace the effort made to take adocjuate 
:icc(iunt of the acknowledged differeDOes uf the simple qualities. That 
done, the relations between stimulus and sensation, which experiment 
has established, arc at once c:iplaincd, or, at least, described. 

2. The case is dilfcrent with the intcnsi^'e sensible discriminatjon. 
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For when wc attempt to naric off the separat« degrees of inlenslly of 
a sansatii»!, we arc always occupied wiüi the tmne qualily; and the 
lunctioaa] roUtion vhich wc find to hold as between senaation inieiuil}' 
and stimulus intensity b then a special problem requiring special 
eqilanalion. We might, heie again, seek to dclcnninc how many 
distinguishable inlen&iiies exist between stimulus liincn and Icnnlnal 
stimulus. But to use the uuifonnity of sensible diacriminatioD for the 
puiposes ol su^ a calculation would render us do material assisuncc. 
{1) The Rumber is of no interest, because we are unable to give any 
atnoUitt description or definition of the particular dq^rees of Intensity, 
at least ova so wide a range of variation. (3) The discreteness of 
ä>cse degrees might suggest or even demand the mLtleading hypothesis 
that the continuous alterations of stimulus intensity arc paralteled by 
a discontinuous seriea of intensities of scnsution. This view obviously 
implies a definite interpretation of the (a^tt, which has no place al 
tlie outset ol an inquiry. When wc were dealing with analogous 
phenonena in our discussion of the qualities of vision and audition, 
we took especial care not to adopt a hypothesis of die kind, whether 
as the only possible, or as the correct expression of our results. We 
spoke simply of the number of diuinguitiabU qualities, and made no 
attempt to decide whether this number should be regarded at the 
same time as tliat of the itntibU quatilie» [>] (cf. § 15. 3, 4; S 18' 
St S 19- 4)' "^^ very question forms the central point of a most difficult 
ooDtn>versy, which wc shall have to mention later (§ 36). (3) The 
calcubiion ol the number of distinguishable degrees of intensity of a 
sensation does not lead to any theoretical conclusions worthy of notice. 
If we find that 300 degrees of intensity can, under favorable conditions, 
be distinguished within 3 definite sensation quality, &om stimulus 
limcn to terminal stimulus, we can easily explain the fact by supposing 
that the difiijrent degrees of inturuity of tlie equivalent nervous exci- 
tation can reach as high a number. So that, in the case of intensive 
sensible discrimination, it is the i:t>uR;e of ditcrimination, t>., its 
unibrm relation to stimulus, which Ls the real object of investigation. 
Aim] when we find authors sjieaktng in absolute terms of the iclation 
between stimulus and scnsatiott, where they arc really only referring 
to the intensive sensible discrimination, we can explain thcphtascotogy 
by the particular interest attaching to this relation in this special 
department of inqtury. — The question, then, which we have to answer 
here, is: what is the increase of sensation reported by sensible discri- 
mination when we increase the objediv« intensity of the siimulus? 

t*] In fen pnbibillty. 'juAllulit« «eiuatloo change* are cantlnutm. 
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We will firat glaoc« bHelly at the facts, and then proceed in the ncxT 
Section 10 their iheoreiical discu.tiion. 

3. (i) Intensive sensible discrimination in the sphere of (utantout 

sensations.— (a) Experiments can be made upon frtssurt sensations tn 

two ways. Weights may be cither simply placed upon the portion of 

the skin to be examined, as in investigations of scnsibiUly <ct the 

, exposition of the methods in §g 7, 8), or their application may be 

I n^latcd by a special appaiatus (most serviceably constructed on the 

principle of the balance). It is best that the weights to be compared 

should be btid succcs-tively on the same cutaneous area at suitable, 

regular intervals. The simiilcaaeous alTectlon of different parts of (he 

akin complicates the method by the necessity of compensation of 

differenc«! in sensibiü^, and seems, also, to increase the difficulty of 

Komparison, — probably by way of dividing the attention. ScDsiblc 

^discriminatioD has accordingly always proved to be somewhat less in 

this case than when the same cutaneous area has been stimulated 

Ipicccssively. It is best, again, to make the. area of application of the 

'süroulus weight as small as possible. With a greater extent of stimu- 

Itis the sensible discrimination is liable to variation, due both to changes 

Lin sensibility, which differs very considerably even as betu'een closely 

rseighbouring parts of the skin, arid to the uneven, more or leas roimded 

character of the cutaneous surface. A test ol intensive sensible dis- 

crimioiition at the pressure s|xtls, which possess a maximal sensibility, 

would be extremely valuable; but no systematic investigation of tliem 

has yet been carried out. The experiments made hitherto refer either 

to the course of sensible «Jiscrira ination with increasing stimulus, or to 

its dependency upon the place of stimulation. In the former connection, 

the relative sensible discrimination has been proved to be constant 

within the limits set by weights of $0 and zooo g. With an area of 

contact of I mm. diameter, the difference timen — on tlie index finger of 

the right hand was^to^g- Withanarcaofcontactofjmm. diameter, 

sensible discrimination fell to — = ^ to ■^. For weights smaller 

than 50 g., the relative sensible discnmination was less (i>„ the quotient 

— greater), and for weights larger than 2000 g., greater {i,t., — 

smaller). The dependency of sensible discrimination on the place of 
stimulation has not been examined by an luiexccptionable method. 
The same initial pressure has been used for both of the compared 
areas, and no attention paid to its different vahie for sensation. (A) 
Sensible discrimination in the sphere of temfttinurt sensations can be 
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test«! eiUier by plunging the cutaneous area to be examinee! into a 
liquid, whose lemperalure is detenninable with an accutiny of less 
than ^^ Celtt-t or by bringing it into contact with bodi« which arc 
good conducturs of hent. The proceduic of successive Ktimulaiion of 
the tune stulkce lias, agdn, given belter resulla tlian that of simtri- 
taneous excitation of difi'raent. The sensible «li^icriin inn lion for degrees 
of temperature hin always been found tn bu gtcntwl willi normal StimtLli 
of 37* to 33* C. (where 5=^-^''). Beyond these hmits, it decreases, 
at first «lowly (to 14* below and 39* above), then more quickly. 
Tbcrc can plainly be no qucsdon, Ihcicrorc, of a constancy of the sen- 
sible discrimination, whether absolute or relative. We can only say that 
it is greatest in the neighbourhood of the physiological zcropoint; and 
as this lies, as a rule, a liillc above 33' (§ 11. 2), that it is belter in its judg- 
ment ol divergence« from the xcropoini in thcdircciion olcold, xlian of Ihosc 
in the opposite ditcction,~a lad of obvious telcological significance. It 
must be binhcr leniarkcd that noticeably cold or hot siimuli blunt the 
nervom excilability. The dependency of sensible discriminaiion upon 
the pbce of stimulation appears to run parallel to that of sensibility. 

4. (3) Intensive sensible discrimination in the sphere of tensadons 
of taut, — Wliile no investigation at all, under this rubric, has been 
made upon »cnxations of imeU, but very little, and that inadequate, 
has been done for those of tasU. Since a real comparison of the 
(lifTcicDl qoalitics is out of the question (for the reasons alleged id 
ji 24. 4), wc could do no more than make a separate inquiry for each 
quiitily into the empirical course of sensible discrimination as dci>en- 
ilent u|)on the degree of saturation of the gusiablc solution. Even 
this determitiatiou would remain problematical, as long as our ignorance 
of the [^yucjl or cheruical meaning of 'gustabic' conlinucd, 

(3) Intensive sensible discrimination in the sphere of auditory 
scnsatioDx.— (n) Experiments upon tonal intensities, which might be 
suggested by the relative simplicity of the physical conditions of tlie 
Bcnsalion, and, more especially, by the approximate constancy of its 
quality, are very few in number, die reason being ihat the necessary 
qnantiialive gradation of the objective intensity of simple periodic 
vibrations presents great difficulties. Occasional tests have given a 
constancy of the relative sensible discrimination; but we know oolhing 
poritively <A the limits of this constancy or the magnitude of the 
relative S. (i) Investigations of the intensities of mm*, on the other 
hand,— although these cannot be considered to attach to simple 
qualities, which do not alter with increase of intensity, —havedemonstrated 
the constancy of the relative sensible di.i crimination widiin wide limits, 
by the procedures of dilTerenc« determination and dilTereace compariaon. 

It 



— is approximately ^. The method of right and wrong cases has b«er^ 

pBOipIoyod in additioD to that of minimal changes, and the constancy 
of the product h.r shows that the delicacy of the relative sensibl^l 
discrimi nation also remains unchanged within wide limits. ^1 

5. (4) Inlensivc sensible discrimination in the sphere of orgaak 
scDsatioiu.— We cannot attiibut« any great possibility of intensive 
gradation to (he articular sensations. They need hardly be considered 
in connection with the intensive sensible discrimination. On the other 
hand, the strain sensations, which in all probability are aroused by 
sensory excitations in tlie tendinous nerves, are shown by facts of 
ordinary experience to be quite capable of intensive gradation to an 
extent sufticicnt (or experimental purposes. E. H. Weber noticed that 
the sensible discrimination for lifled weights was about twice as great 
as that for intensities of pressure, and argued from thb fact to the 
cxisiencc of a special 'muscle sense'. Since Weber's lime elaborate 
series of experiments on the comparison of hfted weights have been 
tnade, in particular by Fechner, according to the method of right and 
wrong cases. They have given an approximate constancy of the 
leblive delicacy and magnitude of sensible discrimination within cer 
limits, bitth for successive lifting with one una and for simultane 
lifting with the two arms. Sensible discrimination is appteciabiy great 
in the former case than in the latter (cf. the result obtained for pres- 
sure intensities: 3 above). The limits of constancy of the relativftj, 
sensible discrimination are approximately set by the values 300 anjH 

S . . 

3,000 g. — w A I'' A i somctiines even less. This Jinti estimation 

of the heaviness of lilted weights, in terms of the intensity of th« 
strain sensations caused by their downward pull, is often employed 
on every day occasions when we are comparing the ]>ortableness of 
objects in common use. Tliere is also possible an indiitcl judgmenUJi 
to which we have recourse when tlie lifting is done quickly and the 
procedure without knowleiig« rigidly followed. It is based upon the 
greater or less vclwcily of the lifting movement. As a general rule^ 
Ihc lighter the weight, the more quickly is it raised.— a definite impube 
to movement being presupposed. Experiments upon predisposition 
(S 5- ?■ **) have brought out the significance of this indirect criterion 
with great clearness. Its applicability plainly involves the presence of 
a certain motor predisposition to a light or heavy we^ht. So that 
the more cfrecluallv the tendency to predisposition a dieckcd, tlie 
lis« important is the part played by this sccondaiy criterion. Conversely,^ 
its application may lead to a serious deception of judgment, since 
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over or uodcf estlnatiOD of the lifiod weight will be proportional to 
the magDitude of ilie impulse to which the arm has been predispoaad 
by the foregoing experiments. Tlie same elTect can also be produced 
voluDtaiU}', by the brace taken in preparation for a heavy we^t: 
the Intensity of the preparation sbov,-s itself in that of tlie sUain 
sensatioiu ariiing from the active conliaclion of the muscles. It 
fbltows that an exact comparfson of the strain sensation» iuouted by 
the «timulta a only poitible when tlie aim is allowed to hang down, 
uottonle» and relaxed, and the weights to be oompaied are properly 
attached to it while in that position. Attempts to test the sensible 
discrimination of the 'tniude sense' by active pressure against a 
resistance of variable intensity, such as a taring, arc so ambiguous, 
(hat we cannot devote space to them here 

sj I a6. Weber^s Law. 

I. This btici survey of the facts of the intensive sensible discrim- 
ination shows clearly enough llic tecuncncc of one definite unifonn- 
ity throughout the various sense dcparUnents. With pressure, auditory, 
and strain sensaiiona we find, within (airly wide limits, a constancy 
of the relative sensible discrimination. When we remember (i) that 
the question of the validity of this law in the sphere of taste and 
smell b still entirely open, (2) that temperature sensations are peculi- 
arly utuatcd (physiological zero-point, etc.), and thai nothing positive 
can be at present said as to whether or not they form an exception 
to It, and (3) that the same rule holds for the scoBible discrimination 
of Inteoslltcs of light, we cannot hesitate to affirm that the constancy 
of the relative sensible discrimination for stimulus intonsitiei is the 
expression of a general law. Fechner named it 'Weber's law', because 
£. H. Weber was the fust to call aitciilioii lu its far-reaching signUi- 
cance. We cannot here do more tliiui briefly summarise the numerous 
discussions to which Weber's law has giitn rLtc. We have ;ilrcady 
met the fundamental ot^oction ur;gcd against the mcitsurabiliiy of 
•ensatioD (§ Ö}, and will only remark now that the functional relation 
between subjectively compared and objcctivxiy measured stimulus inten- 
sitjes b capable of several dificrcnt intciprctations, and that the 
customary classüicalion of explanations of Weber's lav as physiologi- 
cal, psydiological, and psychophyücal U quite rough, each type readily 
admitting of furtlier subdivision. For it b evident that the fact of 
Weber's law simply asseitä a rebtiun between sliiuuli and reports of 
the sensations excited by them, and that between these extremes 
tbctc lies a whole series of mediating processes, all of whidi, theof 
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etically considered, may co^opernte to give the relation its 
cbaracter. The restriction of theory, hitherto, therefore, to a piycbc 
logical, psychophysicil, and physiological interpretation of the law, ha* 
led to the setting up of merely classißcalory rubrics (except in the 
special case of psj-chophysics, where only one fotm of explanation is 
conceivable), which may cover very difictcnt concrete opinions. 

2. E- H. Weber regarded the existence of the law which has 
received its name from him as an intciesting psychological EacL (i) 
Fechncr, on the other hand gave it a ptyekophytUal signißcance, and 
maintained this position in various discussions «ilh the represenlaitv«* 
of opposing views. He makes the law an expression of the (|uiinttta- 
tive interrelation of phyucal and psychic:d magnitude». Witliin Ute 
phygiciil world and within the psychical the law of .Mmptc ])rr)[>ortJon- 
ality obtains: but the relation which the two worlds Ixiar to each 
other is mote complicated. In erdcr 10 obtain an exact fonnulatjoct 
of this relation, Fechner assumes that equally noticeable seiualioa V 
differences (all just noticeable differences, e^., or all subjectively equal 
su]Ji:iliminal differences found by the method of difference compari- 
son) are equal majcoitudes, or form equal increments of a given seo- 
saiion intently. That Ls to say, equal absolute sensation differences 
[A E)\\\ corrcvpond to equiil Stimulus lelations or equal relative stimulus 
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and we have 



hB= C. 
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where C is a constant, regarded as dependent upon the quality of th« 
stimulus, etc If sensation itself is to be expressed as a function of 
siiniiiluj, the equation (i) must be changed into a differential equation 
and then intt^ratcd. We thus obtain the ftmdtimtntal ftnnvta: 

U) 

and by integration 

£ =s C. log r + e. 
The integration constant t can be ilelermincd from the fact that, 
when the stimulus becomes liminal, E =a o. If wc denote the sti- 
mulus limen by 9, 

o = C log * + f, or 
— < = C. log <N 
[from which we obtain the mtaiurtmrnt formula: 
(3) Jr= C(iog r - log«): 

^cnsation increases proportionately Co the logarithm of stimulus. Tins 

[t] B = Biaffimii»g, wiuitioia. 
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fcw**la, wliich is nol a necessary consequence of Wcbct's law, i» 
tenner ' Ftehver't law or the piychopkysU law. It is really valid for 
t*** 'cliiiion of sensation to central nervous excitation, (".*.. for the two 
difccilj- |>anillcl psycliical and physical magnitudes. This cannot be 
c^Wiocd: it is a tundumcntal fact. Ün the other hand, it is only 
approximately ralid for the relation of stimulus to sensation, of which 
"' *a» primarily intended as the empirical expression : only, i.t., where 
iuiaiiius and central nervous excitation are proportional. That this 
pioportionalily does nol bold outside of certain limits is shown by llie 
Tpcr and lower deviations from Weber's law. Fechner is thus com- 
|>clled lo make the assertion, that in external psych op li>-£ics, which 
nlübtLs the relation of sensiition to stimulus, all manner of physiological 
«ODditiuns interfere to prevent an exact vcrilication of his law; but 
Ihkt in fM/^mji/ psych ophysi CS it holds serene and undisputed sway, mani- 
fested in particular in the adjuvant and inhibitor}' effects of attention. 
Having adduced tliis positive argument, Fcchncr is content to meet the 
physiological explanation of Weber's law with a simple indication of the 
incoDccivabiliry of a logarithmic dependency between physical magnitudes. 
3- {2) The chief tcpresontative of the /Avw/o^Va/ interpretation of 
the law is G. E. Müller. Hitherto, this inlcqirelalion lias generally 
louitd its expression in the view that Weber's law gives the relation 
of stimulus to the central nervous excitation, which is directly propor- 
tional to sensation; although it might equally well substitute for this 
ccHTclalion that of stimulus and peripheral ncr\-ous excitation, or sti- 
mulus and any other member o( the total scries of ncn'ous processes, 
o direct aad irrefragable proof of the existence of any such physio- 
ical uniformity has as yet been brought. But it is well within the 
nn^ of pussibiliiies, and there are enough corroborative facts of 
aeivous physiology to raise it at least above the level of mere speculation. 
We know, in the first place, that weak stimuli increase the excitabili^ 
of nervous substance, and lliat slrong stimuli diminish it. We may, 
therefore, supjvose that it remains constant within certain limits. We 
know again, that the nervous cenltes o9er a resistance to the propa- 
gation of a» excitation, which can only be overcome by frequent 
tepelition, long duration, or high intensity of stimulation. And we 
know lastly, that a peripherally originated nervous excitation may take 
dtflercnt paths within the central organs, and that tlie area of its 
diq>ersal ts probably proportional to its intensity. Thus a brilliant 
ii^t gi\-cs rise to a reflex closure of the lids, as well as to a visaal 
sensation, and a sudden, loud noise b not only heard, but answered 
with the start of surprise «hich involves the entire body. It can be 
«howD that in cases tike these the sensation does not come first and 
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the movements, but that they appear simultaneously with or ewfi 
)tlceably earlier than the sensation. The whole category of tni-oluntaiy 
motor phenomeoa consequent upon sensory stimulation is evidence that 
the effects of slimtilus upon the nervous system arc manifold, and that 
only a Ixaction o( the physical energy transformed into a sensory ex- 
citation is used for the central nervous process correlated with sensa» 
tion. If we assume that thif> fraction always bears the same relation 
to the magnitude of the stimulus, we obtain Weber's law. Tlie upper 
and lower deviations from it, and the f:ict of the stimulus Hmcrt could 
then be explained parüy by reference to the variations in excitability 
mentioned above, partly by the resistance offered williin the central 
Olgans, and partly by the consideration thnt certain weak excitations, 
such as the idio-rctinal light, appear to be constantly maintained as- 
a Ksult of internal stimulation. 

4- {3) (") The psyehologifal explanation of Weber's law, of which 
W. Wundl is the principal repi esc Dta live, also assumes that sensation 
and central ncrvou» excitation are directly proportional, but asserts 
huther that both are proportional to the intensity of stimulus. It, 
therefore refers the (acis embraced by Weber's law to tlie process 
of comparison of sensations or sensation dilTerences. Equally notice- 
able sensation dUTercnccs. which the physiological theory can inter- 
pret most simply, with the psychophysical, as equal magnitudes, are 
here regarded as differences which represent the same value for our 
comparison. Equation (1) is consequently regarded not in the light of 
the differtnet kypothtiU (which makes equal absolute sensation differences- 
conespond to equal relative stimulus diflcrcnccs), hut in that of a rtlaliott 
kypoihtsit (which makes equal relative sensation differences cotr-spond..^ 
to equal relative stimulus diiTorCDCcs), and accordiitgly writter 
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Th» psychological explanation is based upon the general psycho- 
logical fact that we do not possess an absolute measure of the intensity 
of OUT conscious processes, but can only measure them by one another, 
i.t., by comparing the intensity, say, of a sensation, with that of 
another present at the moment. This fact is designated by Wnndt 
a general law of relativity. Weber's law thus becomes merely a 
special case of the wider unilormity, which manifest itself in our 
inability to transcend a relative estimation of intensity, extension, and 
duration in otlier connections, *.g., in the investigatbn of the feelings- 
and of temporal and spatial magnitudes. And sini«, further, the 
principal part in all comparison is played by attention or appercep- 
tion (! 72. 4, etc.), Weber's law becomes for Wundt an expression oL 
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rdatiiN) of stimulus {or sensation) intensity to appercqilion. (i) 
''* psychological interpretation may, howevei, assume a different 
™*to,— in which it is represented by Ziehen. On his view, Weber's law 
** * bw of association. The id«as of ' greater' and ' less' are associalively 
Connected mth tlie stronger and weaker sensation. Nut every sensation 
di0eieDce reptoduces such an idea, but only a difference which stands 
ia a definite rebtion to the xbsolnte setusation intensity. Weber's \x* 
ntay therefore be written as fdlows: two or more sensation dilTerences 
feptoduoe tlic same Judgment 'difTcrenl', when the relative stimulus 
diflereiu-es corresponding to them arc equal. 

5. The most improbable of all these interpretations is, evidently, 
the ps>-c)K>physical. [ts basal araunnption of the equal magnitude of 
«qually noticeable scn&ation differences is exceedingly precarious. The 
I \* wholly missed thai the relation obtaining between sensation 
id the account given of sensation is too complicated to admit of 
lOT entertaining any hope of sensation measurement. And no cx- 
tioa is given of the form of dependency expressed by Weber's 
bw, other than an arbitrary and undemonstrable assertion that il is 
a remarkable fundamental facL Indeed, it is not too much to say 
IfaAl ps)i.hoIugy has given her final verdict in the case of Fechner'« 
bw. While wc cannot deny the importance of the underlj-ing idea 
a fimctional rdation between psychical and physical phenomena, 
cauDot admit the necessity of a logarithmic proportion in this 
relation or the validity of the metaphysical reflection which suggested 
The many differences in the observed facts, and the limited range 
which experiment has pn>ved Weber's law to hold ha^v not re- 
ceived their due share of attention, and the assumption of extraneous 
inBucnccs preventing an exact verification of the law in external psy- 
cbophysics b inadequate to its task. Tlie two other interpretations 
are [»eferable to Die psychophysicAl. in tliat they attem])t to furnish 
a real explanation by bringing W«ber'it Liw into connection with 
known facts of phj-siology or psydiology. Tlie physiological view 
has the ^Iraniagc of the {»ycholugicat in its ability to meet parti- 
cular'^ la^^Rtli particular explanations; the psychological has the 
•drantajc^n the phv-siological in its cxpUdt racognition of the pecuUar 
leblions tDvolved in the comparison of sensations. It is obvious that 
the psychologicaJ theory docs not exclude a physiological, since the 
CflDtial nervous processes which run parallel to apperception or asso- 
datloa must stand to the physical processes running pntallcl to sen» 
lations in the relation required by the law. It is, probably, too early 
to attempt a decision. The more generally Weber's law is confirmed 
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wili be the likcliliood of the psjrchological tnletprelatioD. On the 
other hand, Ihe more limited Iho domain within which the Uw is 
found to apply, the greater wilt be the reason for the adoption of 
the physiological explanation with its adaptibility to the individual bet. 
6. The i|iie.-<li<iii of the psych otugicat significonL'c of Weber'» law 
is quite diilcicnl Irom that of its intcrprelalion. We liave spolten 
more than once of the connection between memory' and the la«-B of 
sensible discrimination (cf. § 15. 1; § 18. 1, 5). The rccogaitioa 
of sense imprc^ions we have seen to be dependent not upon their 
ahsolute but upon their relative tlkeDess. It is for this reason that 
a musical composition may be rendered without suffering any con- 
siderable change not only by or(-be»tras or choini of dilferent Btrerigth, 
but even upon tlie piano, the dynamic capairities of which fall very 
(ar short of orchettnil production. It is for this reason that we can 
orientate ourjclves in our »urroundings with approximately equal 
facility under very different conditions of illumination : llie equid 
relative brighincss differences are taken to be equally great. It is 
for this reason that a landscape pointing does not displease the eye; 
but may even deceive it by producing an illusion of reality. And it 
is for the same reason that our memory of something seen or heaid 
may be extremely accurate although the absolute intensities of Ute 
impressions are altogether impossible of reproduction. All this is 
evidence of the importance and purposivencss of Weber's law in 
our daily life. The thought accordingly suggest» itself lliat a taw of Its 
character, a lule of perception, must have been developed in the 
course of organic evolution: and, as a matter of fact, experiment» on 
the lowest organi.sms have given a similar futmulation of tlieir tcaction 
upon external stimuli. This result does not do away with the need of a 
detailed explanation, but it at least sets the law in the perspective of a 
genetic treatment. We must be especially careful, however, to avoid 
supposing that observations on the sensitivity of lower organisms to stimuli 
prove the corrcciness of the physiological theory of Weber's law, because, 
*.g., these creatures arc unable to compare and to judge. Weber's law Is 
the taw of a relation between stimulus and judgment and not of one t>clweeit 
Stimulus and rcaaive movement ; and the difference between the organic 
proccsae-s in a diffeicntiated ner^-ous system and a homogeneous 
prot(]pla.sniic mass is 100 great to allow of translation of one into 
the other, or of inference from the protozoon to ourselves. 

Literatur« ; 
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B. CENTRALLY EXCITED SENSATIONS, 

Craftkr IV. Repkoductio» akd Association. 

§ 37. Memory, Imagination, ReproducUoa. 

I. The guidance afforded us id our discussion of pcriplicxally 
•«xcited sensations by the existence of adequate stimuli is not conlinui»! 
in the pie^cnt Section. A special investigation of the nature of 
^ceotnlly excited senimliontt is, theiefote, exceedingly difficult. And, 
di« stumbling blocks which beact ttie path of inquiry enable us to 1 
undccst:ind how it is thai all th« temu employed to designate the 
phenomena, some of the cc^mrnoneit of which are named in the 
beading of tliLt juiiigniph, are still luosely defined and variously applied. 
Wc most, therefore, begin by cleaity stating the problems, principle*, 
and concepts, with which such an inquiry has to deal. What 
-partially replaces the guidance previously furnished by stimuli is 
leally a dogma, which we may fonnuhtc, almost in the words of a 
famoitt philosophical dictum, as follows: nihil est in memoria, qiKxl 
non peius fuerit in sensu. In our own terminology the proposition 
would run: there is no centrally excited sensation which has not 
previously been pcriphetally excited. Tlie English philosophy and 
psychology have declared with a persistency which has given repeated 
-asKtIioo the appearance of axiomatic truth that memorial images 
arc of the same kind as perceptions, only weaker— with the occasioual 
addition that fancy images are in their turn weaker than memorial 
A pioposition like this obviously makes it superfluous to undertake 
■n especial investigation, at any rate of the quality of centrally 
excited seiuations. But its correctness has never been demonstratedi^ 
and its constant assumption has perhaps dune as much as anything^ 
«l»e to render this de|)artraent of psythologj- barren and schema^. 
We shall cnler upon iu examinalitm in detail in the next Section:^ 
&a\ of all we wilt attempt a critical estimate of the ^alue of thel 
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concepts of memory, imagination, repioduclion, etc^ and of th«it 
correspondence with the facts. 

2. The fact implied in the terms mtmoiy and rtpndiulicn, and in 
part also in rtcellulion, ü simply thlt: that an impreäsiun which has 
bean pioduced in the past by a particular stimulus dues not disappeai 
outright witiv tiie cessation of that ttimulus, but is somehow conserved, 
and, under certain conditions, has the power of again becoming a 
noticeable part of comsctous contents, without any icnc«-al of the original 
periphctal stimulation. Wc often explicitly recognise it on its reap- 
pearance as the same impression, and arc frequcnlly able to describe 
the circumstance« of ita original production. Ftom these facts it is con- 
jectured that even in the not very uncommon cases where there is 
no itiogHilien, general or spcdal, the ccntritlly excited sensations are 
still merely 'reproductions,* 'memorial' or 'fancy images' of previous 
peripherally «died sensations. If wc abstract from the metaphysical 
ideas u'hich have duslered round the phenomena (one theory consigns 
(be iiua^^es to the care of an unconscious mind, another moltea the 
brain deposit its sensory exciuiiion.-i in particular ganglion cells), we 
have in this view a generalisation of experiences of whose mU^ 
tliere can bo no doubt. The word 'memory' lays panicular 
upon the latency of the 'conserved' impressions; 'reproduction* 
'recoKecüon' upon their recurrence in oonsciouiuiess. ImaginaHom 
dilTcrs from all iliree in admitting the possibility of a dissimilarit)r . 
between the peripherally and centrally excited contents. The fancy ' 
image is, in a certain measure, something new, not a mere copy of a 
foregone perception. The activity of memory is reproductive: that of 
bncy or imagination seems in contrast to it to be productive, creative. 
What is ordinarily regarded as new in imagination, however, b not 
the occurrence of peculiar elementary qualities, whidi have never made 
their appearance in peripherally excited sensation, but simply the 
anangeraent or connectiuu of conscbus elements, already given ia. 
jiease perception. This hypotheela, again, has its exclusive factual! 
-Mtpport in the frequent recurrence of a recognition of the elements. 
Mcmoi)', tlien, as the storehouse of peripherally exdted impressions, 
is the root both of rcciilleciion and imagination; but while recollec- 
tion repeats the c)iine<:tion which obtained between the element« 
a perception, imagin.itinn arranges them with some degree of freedom. 

3. It is evident that the psychologicjü processc« comprehended 
under these terms are all centrally exdted sensations, and that the 
function of the terms is to fix and describe their relation to sensations 
peripherally excited. Recognidon, which acts as intermediär}', apjicars 
to be simply a spcdal function of the sensible discrimination. Wheiig 
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we ;iTe cumparing pcripheisll)' exdtcc) tcnsalions with one another, 
wc (tvtcrminc their qualitative likeness or diRcrencc. And recognition 
raercly co^'C[S the special cases in which a centrally excited sensation 
is judged to be qualitatively identical with another sensation, poripherally 
ncdted 00 some foimer occasion. But the matter is really not w>, 
simple. (1) We are ordinarily unable to in.ititute it direct compatiton 
of memorial image with jierception. Even though comparison be 
pOHiible, it b rendered exceedingly difficult by the great dtlTerences in 
intensity, duration or extension. (3) Apart from this, however, tho' 
coodttions arc as unfavourable to comparison as they wcH can be. 
In aU other instances of the investigation of the sensible discrimina- 
lioo Cot suocestivc stimuli, wc take care that only a few seconds shall 
elapse between the compared imprc^ions, and altcmp: to limit the 
aumbct of judgments of equality by all kinds ol variation ol experimental 
conditions and stimulus magnitudes. Here, on the other hand, the 
inlerva) between iwriphcrally excited and reproduced sensation may 
be of any length, and an exact gradation of the objects of comparison 
oc isolated variation of their conditions is out of the question. We 
can, ihcrefoie, understand why it is thai recognition as a general rule , 
refers not to a memorial image, but to a perception, which i.« judged' 
10 be eciual or similar to n previuu» imprewion peripherally excited. 
Now in the %ncw of certain physiologist.-!, and in particular of Munk, thiit 
tad can only be cxpluincul on the auumption that the memorial 
image of wch a pievious impression is reproduced. When, t.g., we 
judge a colour to be ol a familiar quality, the process involved is 
that of tlte reproduction ol the same colour as previously seen. This 
recogniliun would, accordingly, be a simple reversal of the case 
described above; the comparison is seemingly instituted between a 
given peripheral impression and a memorial image called up by it. 

4. We are thus led to the special problem ol the process of 
recognition itself. Recognition may lake place in two very different 
ways: either in the form of a judgment, gcDeral or particular, expres- 
sive of familiarity with an object or an occurrence, without a reproduclion 
of the sensations involved in its previous perception; or by the 
intermediation of reproduced sensations, which connect with the object 
vA present perception or ideation, and repeat certain circumstances of 
the original situation. The finit is diitü, the second »»d.rttl recognition. 
The reptixluction of memory images which correspond to the previous 
peicqiuon and re}>resent it with more or tcs» of fidelity «.ecros to occur 
but seldom, [>] Direct rccognilion has recently come to receive the 

['] Thll li ny ova expcrieoec Ami I iMBDOt but Üiink thol (I oiuil be the eipprlraco 
at MkcD, allhougb («piodiLcCos U lo o(t«a niad« Iko difftrtnMa oi re<M([nllioa ia 
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attention which it deseivea, and a thcor}- has been propounded that 
a ' quality of knowniics» ' atl^di» to immediately rccotinised sensations. 
It is true that such a theory merely introduces a new wotd, instead 
of proceeding by way of ciircful anulysLt and detailed explanation — a 
word, moreover, which muy very well ciLrry witli il the erroneous 
suggestion that (aniilinr ideas ait such ptntsess a peculiar attribute, i^^ 
that of familiarity: but at least it admits by implication that a judgment 
of fiuniliarily can be passed without the inteTmediati<.)n of particular 
memorial images, and Iliiis raises the question of the real bouis of this 
judgment. In our own view, its foundation consists (i) in tbe especial 
elTecti\-encss for central cxcitatioo of familiar impressions or memorial 
images, and (i) in the characteristic mood which they ordinarily induce, 
and which embraces both pleasurable (or at least comrortablc) affective 
states and the corresponding orgajiic sensations. 

5. (1) No argument is required to prove that the eflectivencas of the 
known for central excitation is essen tially/dtfTcrcnt from that of tb« 
unknown. Wliilc the former more or less quickly aroaiies the most 
various local, temporal, conceptual, etc. ideas, showing all degree» of 
relation to the perceived or remembered impression, the unknown 
Stands in isolation, and can only be brought into connection with oui 
existing mental fmniturc by definite judgments of reference and com- 
parison. Of coune, for the developed consciousness there is hardljr 
any such thing as an absolutely unknown. Some concept or other 
will always admit of application to the impression, however novel; or, 
in psychological phraseology, every sensation will reproduce at least 
a vcrlial idea. But recognition does not, as a rule, consist In a mere 
gcneml determination of this kind, but rather in the wholly specific 
judgment that a given impression has been already experienced. It 
is Eutlicicnt for direct recognition, in this connection, tliat the eflcrtivencss 
of a known impression (in the present sense of the word) for central 
cxcilalion is noticeably dilTercnl from that of the imprewion not yet 
individually experienced, without there being any clear idea of the 
particular elements which justify or underlie the judgment. For tbs 
most part, the judgments of this direct recognition arc not further 
specialised; there is only an immediate reproduction of the name 
'known'. It is &cilitated by the working of a psychological law, 
absolutely valid within certain limits,— the law that general denominationt 
are more easily reproduced than special, (s) The mood into which 
we are tlirown by familiar impressions, again, is essentially different 
from that induced by unfamiliar. If we abstract from the particular 

ptfchologlciil tiDitian. It siifiesu *> U •cliem>tiuD had here giineil an ««17 Tictoiy 
01C9 Ihc prrwatuienl at hcU at the; ically ate. 
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character of the tv-o in the given case, and fiom the dilfercQccs in 

the state of consciousness preceding ihcm (expectation and unprepared 

altcoiion), wc may say that the known, as known, has a rcassuiiDg 

or pleasurable cflect, while the unknown, as unknown, is disquieting or 

tmpleaaant. This is intimately connected with the indisputable biological 

^ and practical importance of the distinction between the kaovm and 

■ the unknown. Every impression produces a certain reaction on the 

Hpart of the living oi^anism: but while known phenomena reproduce 

|Fa sensory and motor reaction, previously employed and tested, with 

relative case and certainty, unknown must be assimilated, and an 

ap|so|>riate form of reaction discovered. It is readily intelligible^ 

tberebre, (hat feelings and organic sensations ai« arou'sed and moulded 

in a distinctive manner by a recognisable impr»3ton. 

6. Two objections may be urged acuiiiM thi» view of direct 
recognition, {a) It may be said that it only pushe» the real problem 
one step further back, in referring the recognition of an impretüion 
to the mood reproduced by it, or to its especial cfTeciiveneM for 
central excitation,—/.«., to something which itself coiistitulct the object 
of recognition, and Only in tliat »"ay can furnish the basis of the 
recognitory judgment. If this objeclion held, there would be no such 
thing as direct recognition, but only indirect; and the mediation which 
it posits must be conceived of as continued to infinity. The rccog- 
oilion of the mood must in its turn be mediated by the recollcciioQ 
of particular elements, and so on. We may abstract fiom this rtduttio 
^fid a&sunfum, and consider only the denial of the fact of direct 
^Beeognition. If the fact is substantiated, as we believe it Is, a simple 
■dÜTetence in the cflectivencsa of the known and the unknown b 
Vfilaiiily adequate to its explanaii<>n, in as much as these quite general 
determinations are all that are involved in it. {i) It may be urged (hat 
we hnve. asserted the possibility of a judgment of famitbrlty in cases wliere 
the various reasons which justily it are not rcproduceable. Thiü nbjection, 
however, ii simply the cxpte*sion of a logical postulate; not a rule 
of psychological reaction. On the contrary, as we remarked just now. 
the psychological law is that the denominations of general concepts 
ate more quickly and ca^y reproduced than those of special. This 
law is itsdf only a particular case of the universal rule that the 
&eqtiency of exdtation exerts an inßuencc upon the rcproductiviiy 
of impression. Since the name of a logical category must, in general, 
occur in consdousneis far more frequently than the name of tlte 
individual subsumed to it (it can be referred to a far greater number 
reproducing s(imuli), it wilt appear more eauly and more quickly 
the given case. This lact has an import'm( bearing upon llic 
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significaDce of concepts, aDd more especially of gcmrral concepts, ran 
upon the explanation of scicntiiic development. It is further confiimedl 
by the experience that when memory begins to fail In consequence of 
age, concrete names, and particularly tlie names of individual pcnoos 
or thin^, are (oi^otten before ;ibslract. Another illtiKtmtion of the 
law is aifunled by the result of experiments by the procedure without 
knowledge. The existence of a diRcrencc between the compaied 
sensations it earlier remarked than the direction which it takes, oi 
the nature of the objects between which it obtains. 

7. It lollows from this conception of direct recognition that ii 
judgraents will not seldom be erroneous. Two kinds of wrong jadj 
m:nt arc possible. We may regard something as known which has 
not been individually experienced, and we may declare something to 
be unknown which has been a matter of individual experience. (|^| 
We can explain the first error, by assuming that tlie effecu which w^^ 
have described above may be produced not only by precisely identical 
processes or objects, but also by those which are simply more 01 less 
similar, i.t., which are either p;irtialty coincident with the content^— 
of the original sensations, or evince no noticeable diOerence to a seo^f 
sible tliscrimination so imfavourably circumstanced. Thus we may 
imagine thai wc have previously been in some place which it can i 
proved wc have ncwr seen before, or that we know an individi 
whom wc have certainly never met, etc. It may bo that Plato in his" 
tloi'trinc of &vd^v%an and pre-existence was thinking of experiences 
of this kind, (ii) The second error is duo, on our theory, to the I 
that the unrecognised impression was too transient, or appeared to 
seldom, or was separated by too long an interval from its revival, 
be able to produce a noticeable effect upon reproduction or mood. - 
Lastly, Ilie question ariscx, whether one of these two factors which 
regard as the basis of direct recognition is to be considered funda- 
mcntu), or whether the two arc to be looked upon as altogether co^| 
ordinate resultants of the operation of the known, however diifcictt^l 
the vahie of each may be in a given case. Unaided introspection can 
hardly return a satisfactory answer to this question. But certab 
pathological obsen-ations in cases of menfai blindness and mtmlal 
•/tafuess (Munk) seem to admit of a definite interpretation which throw^fl 
light upon it. By mental blindness and mental deafness is meant the^ 
incapacity of cognising an object of sense perception in its true sig- 
nificance, or of naming it aj)d making use of its experientinlly knov 
properties. Tlius, if a patient be given a »poon, he may see it 
even declare that it is familiar, but be unable to name it or to pu 
it to any use, etc. Sucb cases may rise to the extreme of logic 
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f>amdox. Thus, 1 [ntient h.is been known to describe a fork exactly, 
And yet not to cognise it as u loik «hen ii w-:u shown her. Hero 
^we obviously have un abrogation of the reproducing effect of impres- 
sions. That these may, ne^vrlhclc«, appear farailitu must be due to 
the power of what wc have called mood to exert an iniiucnc« indcpen- 
cjcntJy of llicir cfTcctivcncss for central cxduiion, j>., as a co-ordinate 
factor in the rccognitoiy procesa. 

8. It b plain thai direct recognition supplies no foundation for th« 
«tatemeni that mcmor}- images arc merely levived percqitions. No 
comparison of Ae two 19 carried out. But it may. perhaps, be other* 
^prise with indirect recognition. In certain caaes, and especially when 
4i r«coDectioa require» time and trouble for its full de^'elopment, we 
<:an observe a real compariann of the reproduced and peripherally 
excited impreisions. Two general types of indirect rcco^ition can be 
distinguished. In the first, ilie envinmment of the recogniwd object 
(not only in tlie Kpiiiial senie. but re^rded as the Kum of aitcndant 
and simultaneously pcEceptibIc processes) is noticeably the same as 
%>efore; in the second, it is noticeably different from that of the prc- 
"vkHis perception. In the former case, indirect recognition admits of 
Tesoladon into a scries of acts of direct recognition : not only the 
individual definite object, but the individual cinrumstanccs are succes- 
«iveljr judged to be familiar. But ii will deserve the name of indirect 
MoognitJon, whenever the object Itself, cv-en if nothing else, b recog* 
nised solely u|>on tlie ground of the familiarity of ib attendant cir- 
cumstance«. If on the other hand, the envirorunent Li noticeably 
«lifiereiil, indirect rccngnitiim will be effected when the object reminds 
US of itt previous surroundings, i.e., reproduces sensations which 
zeprcsCDt them, or knowledge about them, etc. In virtue of this effcct- 
ivcne» for central excitation, which pljiinly n.isumes a quite definite 
form in oonsctousness, the object itself i< here placed in the category of 
tbc kaown. That the same object is compared with iis own memorial 
Snagc for purposes of recognition can happen but rardy, and then 
■only under the unfavourable conditions already referred to. It is 
■evidently impossible to assert on this basb that qualitative likeness >s 
established by tlie direct comparison of pcrcqni.in and memory image. 
The assumption of tlieir identity rests, therefure, not upon any ade- 
«|uate empirical induction, but upon the old setuuatislic idea tliat the 
mind can store in raemory nothing which it has not received through 
the aetwes, and upon the view, which has found many representatives 
in modem timea, that the same nervous centres form the substrate of 
peroeplion and memoriMl im:ige. — Munk's contrary argument from tlie 
4acts of mental blindness and mental deafness to a ph>'siological and 
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I .guUoBUcal scpaiatcncss of these ccnttcs is shown by the oatcoine^^B 
"HM' iirescnt dbaission to be altogether insufficient. ^1 

9. The same holds of fancy images. Here again. "Sax rocognitio^^^ 
of the elcmciilaiy constituents is no proof of the agieemenl of thi 
contents «iih those of the perception and memory image. Din 
comparison «ilh the perceived objccl is so far factliuited, that there 
b no coincidence at aiiy rate in the arrangement of tjuatities, i>.^ 
that one series cannot completely oveilay the other. Bui the condi- 
tions of comparison in general are just as unfavourable us before. 
Moreover, memory and imagination show great individual difictcnces, 
which are by no means necessarily paralleled by corresponding diSTer- 
ences in perceplioii. We apeak of a special development of the audi- 
tory or visual memory,— of a special tendency to reproduce verbal 
images in contradistinction to a piedominant inclination to recol 
in terms of concrete pictorial images. Wc cannot say that these case» 
present equally clear differences in the accuracy and case of auditory 
or visual pcieeption, etc. Few persons appear to have the power ot 
fcproducing colours with any degicc of cleatness, and the recollectioo 
of tones or series of tones is at least very largely as.iisted by the 
motor exctlaiions of the vocal organs, which, if tliey do not make 
rejiroducliou possible in the first place, are able considerably to 
increase its clearness. But it has not been found that recognition is 
particularly deficient in persons with poor visual memory, i>., that 
because they are unable to imagine a colour tone, it is, therefor^ 
impossible for them lo recognise a definite colour which they have 
previously seen. We are, therefore, again led to the conclusion thai 
recognition does not consist essentially in a comparison of reproduced 
and perceived qualities. 

1 have made obi«r^'atioD> upon levcral pcnons wilb b view lo dcUrmlolDg 
their power of th« recoltcttian (rcprodnttioo) of colour (one*. Wc ut io a 
darkcDcil chiiniberi acd I rKjuircd my lubjccts to icprodncc dctiaite colciar*i 
which I annK^d lo iIifri in aoy order: yellow, green, red, eie. la moil cues 
the rcptodiKlion wns cffttled with more « le« vividnos in some 10 Set. Bat 
one obierver wai Absolutely incapable of foRiib£ > seosory idea of tmy coloured 
object. He mw Dothiug, iu tpite of «0 bi> effort«, and although plenty of time 
wai allowed him. Hi« visual perception wu qiule □ormal. and he itoted thftt 
he had dcvct had lihurioDn. I hnd do oppotlunJty of teiting his »uihtory repro- 
duction. The procci» oX i«co|;nttion, >o far as I could discover, was entirely 
normal. Here then, we hate a person who rtcolledi and rcmembcri without 
memory imaitcs, and hna Ihouubls and ideas without image« of imagination. It 
ii ceitoinly dÜEcult lo brine his case within Ihc schema of auodalioa and 
rcproduclioD concoc in psychological treBlises. 

10. Two results follow from these considerations; that what wc 
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call reci>llKt)oa is by no m«ans id«atic»l vith th« rcpnxluction ol 
that which we rocoDcct, but that, on the contrair, repioductitm play» 
a relatively unimponani pan in the total proceu; and thut if «t, 
give up the dogma quoted at the bcf^innii^ of thii Section, «-e hav« 
absolmely no adeqaate knowledgo of the nature of centrally excited 
— taatiom, while we have fads whicli appear to show tluit thdr 
srfUliMi to peripherally excited Acnsatjons is not a simple one. If, 
in condiuion, we enquire what aie the conditions of the orig;tnatioo i 
or the phenomena of centrally excited sensations, wc are invariably ^ 
T c f erre d to astoeiatio», a form of connection between sensations or 
ideas chancterised by the fact thai the appearance of one term of 
it ia followed by the revival of the otlier. It will now be our ia»k 
{a) to examine the properties of centrally excited sensations in the 
Hght of the few experimental investigations which have hitherto been 
made, and {b) to dbcovcr what «c can of their conditions, and so j 
pave the way (or their theory. Where recollection is involved In I 
these inquiries, it too wil] occupy our attention. Wo may, however, 
remark at once that the moat important thing; for recollection in 
general is the possibility of movements which <;an be guided by the i 
will to imiute the content» of perception. The repeiiiion of word» 
and tones which we have heard spoken and sung, and the drawing 
and painting of lights and shades and coloun seen, not only facilitate 
and strengthen recollection, but furnish an opportunity which is 
independent of the contingency of perception for the repetition of 
Ute impressions to be Tcmembcrcd. We can accordingly understand 
bow it is that we so often recollect by merely noticing the movements 
or impulses to the movements whic^t would serve to produce a 
particular impression, and that some psychologists believe that all 
mcsoUection takes place in this way. 

[I 97 n- The In vea ligation of Association and Memory, 1 

I. Galten appears to have been the first to apply an cxpciimcntat 
method to the investigation of the 'association of ideas'. His earlier 
and cruder procedure was to walk leisurely along a busy thoroughfare 
for a distance of some 450 yards, atieniivoly scrutinising every suc- 
cessive object (some 300 were viewed) that caught his eyes, and hold- 
ing the attention upon it until one or two thoughts had arisen by 1 
way o( direct astociatioo. Out of the obaervationi« taken in this way grew 
Die following method. A list ol 75 words wiu written out on separate 
tbeeis of paper. They were exponcd one by one; and a chronograph 
«» itattcd as each was cognised, and stopped as soon aa " about a 
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couple of ideas in direct association with the word bad arisen * in th* 
mind. These associative ideas were written down, and the experi'- 
meat then resumed with the next word. The results were subjectedfc^^ 
bot)] to qunntilalive and qualitative analysis (cf. § 71. y). 

3. Gnlton'x method has been developed on its quantitative side in 
expcTimentü upon the duration of the association reaction (cf. §§ 
70. 6, 71. 6). It has been turned to qualitative account, in various 
forms, by Scripture and Münsterberg. (i) Scripture's experiments were 
made in a darkened chamber, completely protected from external 
disturbances. Internal sources of error were also as far as possible 
eliminated. The observer was not hurried by the thought that his 
association -time was being measured; and the "Now I" of die experi- 
menter induced an approximately constant state of conaciousnesa. 
The " Now ! " was called out two seconds before the experiment 
(I 5. 4). In the visual series a white card, on which was pasted a word, 
picture, symbol, etc., was illuminated tor four sec. The aubject might 
name his associations at any time during this exposure limit; but was 
required to arrest the train of associated ideas on the disappearance of 
the stimulus. Some visual experinienb were also made with a large 
coloured surface as stimulus; and other series were taken with sounds, 
tastes, and tactuaJ impressions. {2) MUnsterbeig's earlier inquiry is 
directed upon the more special question whether there Is any qualitative 
difference between the apperceptive and associative connection of ideas 
(§ 77. 4). The reaction method was employed throughout, Therei 
arc two groups of experiments. The first seeks to show that the final 
psychical results of voluntary ideation can be produced without con-l 
scious activity of the will; the second to relate acts of choice orjudgmeni|| 
with cases uf mere association, under conditions which prove tliat tlicl 
same psychophysical explanation must hold for both alike. The formeif 
procedure is described and criticised by the author below (g 70. z). 
In the latter, the hypothesis that, in the compound reaction, process 
Io!lo»*s process in serial order is tested by a progressive complication 
of rcactioO conditions (from "Name the associate of gold ! " — "Silver!" 
Wi t-e-i " Which is more impressive : the finest drama of Shakespeare 
or the finest opera of Wagner?" — " Lohengrin I ") and a direct inter- 
comparison of the numerical results obtained. — One of Mtlnsterberg's 
later studies is discussed below (§ 28. 1, 2). 

3. Turning from investigations of association to those of memory, 
we have to mention, in the first instance, the work of EbbEnghaus 
(SS 30- 5> 8; 3'- ?)■ I" t'''* research memory (lemming, retention, 
reproduction) is measured in terms of two of its external conditions: 
time and the number of repetitions. Some 2300 'nonsense' syllable.« 
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fonned, each containing two consonants and one of eleven vowels 
4iid dipbtbongs. Th&^c were mixed together, and scries of different 
length drawn from them in the order of chance. The separate series 
were read aloud repeatedly, until they could be voluntarily just re- 
produced, ».*., until they could be said 'by heart," when the first tera» 
wa£ given, without hesitation, in a definite tempo, and with the 
oonadousness of accuracy. The method has four advantages. The 
material is comparatively simple (though eye, ear and vocal muscles 
are concerned in the learning of tlic syllables); it is comparatively 
uniform (though certain düTetences of ease and difficulty were notice« 
able); it furnixhes an inexhaustible supply of combinations of the same 
character; and it readily admits of quantitative variation. Constancy 
of experimental conditions was secured by the obser*-ancc of several 
rules. The separate series were always read completely through from 
beginning to end; reading and repetition were perfomed at a uniform 
rapidity; a single rhythm was introduced; the interval between ex- 
periment and capcrimenl remained the same; learning was done as 
quickly as possible, i.e.. the attention was held at the highest level 
of concentration ; all artificial aids to memory were excluded ; and the 
external circumstances of experimentation (time of day, previous work, 
etc) «triclly regulated. Four sources of error appeared to be incapable 
of absolute elimination; neither material nor external circtunstanoes 
could be made absolutely uniform; predisposition varied; and as 
Ebbioghans was at once experimenter and experimcntee, theories and 
ms might be expected to take shape in the course of the 
ition, and, though unremarked, to exert an influence upon the 
leotal results. — The points considered in the enquiry ate as 
the dependency of the rapidity with which a scries is learned 
iqx» the number of syllables contained in it; the dependency of 
tetention upon the niunber of repetitions, upon the frequency with 
which the series has been brought to the limit of just possible repro- 
dtictioti by repeated learning, and upon the succession of tenns in the 
seiiet; and the dependency of retention and forgetfulness upon time 
intervaL 

The method followed by Ebbinghaua has recently been discussed 
in an ebborale monograph, on the basis of new experiments, by 
Mfiller and Schumann. We cannot here enter upon the question of 
the mathematical treatment of the results, with which these authors 
(as well as Ebbinghaus himself) deal at some length. They suggest 
the following methodological improvements: that experiments should 
always be made by two persons; that the syllables should be presented 
to the observer by a special rotation apparatus; that they should bo 
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made laoic umrorm than in Ebbinghaus' sedes; tbai tbe interval 
between cxperimciii aji<] experiment sliould be objectively legulated 
by definite rules, valid for all observers; and that tbe observers should 
be carefully chosco, and work begun only *-ilb those who can devote 
a considerable period of time to the research. The advantages of the 
amended method arc demonstrated in detail, and exact direction» 
given for the construction of syllables, etc. 

4. Wolfe {§ 31. 6, 7) remarfcä that Ebbinghaus' material is not 
the simplest possible, unce memory need not demand the co-operation 
of three &enaes. He separates the special problem of tonal memory 
from that of memory in general ; and employs the procedure by recogni- 
tion (stimulus repeated.andjudged as 'same'or 'different') in preference 
to that by reproduction in the ordinary sense. Two sets of experiments 
were taken, under sligiitly diäcrent conditions, by the method of right 
and wrong cases (§ 8. 3]. In the first, five standard tones were uaed> 
Tliese were varied, within nanow limits, during the experimental series. 
The compared tones might difTer from the standard by 4. 8, or t2 
vibrations in die i sec. and were given after intervals of I to 120 
»cc. In the second set, eleven standard tones were used, and kept 
constant throughout a scries. The compared tones might dilTcr by 4 
or 8 vibrations, and were gix'cn after iDter\-aIs of 1 to 75 sec. The 
investigation deals with the dependency of tonal memory upon time 
interval, upon pitch, and upon general conditions (practice and fatigue). 
Both musical and unmusical obser^-crs took part in it. 

5. Lchmatui (§ 31. 5, 6) attacks the problem of iccognition Jlsdf, 
in two investigations, making it the touchstone of the validity of tbe 
two 'laws' of assodatiott. similarity and contiguity (§ 29). Hisexperi* 
ments fall into four groups, (i) Fim paper: Visual experiments on 
'simple' tecugniliun. —These form a pendant to Uie auditory eicperimenls 
of Wolfe. The observer sits in a dark room. A standard gray (black and 
white sectors) disc, », is shown him. After a certain intcn-al, /, eithet 
n JÄ exposed, or a brighter disc, /, or a darker, m. This second gjay 
ta judged to be equal to or different from that of n. The experiment 
is repeated, after an interval, with the same n, /, and m, given Jn 
different order. This is done to times; and then a new series is 
taken, with different n, /, m, and, perhaps, /. Lehmann investigated 
the dependency of recognition upon the difference between the sensa- 
tions, and tlie number of impressions; upon tlie time interval; and 
upon general conditions (individual disposition and practice), (ii) Visual 
expcrimcDta upon recognition 'by definition'. -Three series of 
grays were fotioed, between tbe extremes of black and white; one 
consisting of 5, ooe of 6, and one of 9 equal sensation differences. 
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'A fiiU scrica va^ shown to the observer, arranged in the order from 
black to white. After a brief interval, the 5, 6 or 9 terms were exposed 
tiogljr, in any succe&sion; and the observer was required to state the 
place in Uie series whid) each occupied. These experiments were 
«Upplemenied by othen, tiimitai to lhr>se of (i), except that two discs 
were displayed simultaneously in the first instance, and one of them 
again aOcr the lapse of /; and that the observer was asked to judge 
whether this isolated disc was the darker or lighter of the original two. 
The dependencies investigated were those upon the differences of the 
sensatioDs, the time interval, and di^poailion and practice, (iii) Second 
paper: Olfactory experiments on 'direct' recognition.— A series of 62 
scents was piepared. The observex was asked to decide, first of alt, 
whether the sensalioQ was familiar; and if it was, to write down all 
the ideas called up by it. Some to or 20 experiments constituted a 
aeries. No time limit was set to the separate experiment. The 
ob aer v eiB were not chcmJHts, and could not recognise the stimuli by 
their appearance. The Kcents were not intensive, nor was a series long 
enougit to fatigue the organ, (tv) Auditory experiments on 'prepuied' 
recognition.— Two scries were taken- In the first, a stand.ird stimulus 
^dropping of a etecl ball from a known height) was followed at vari- 
aUe tntcrrals by a stimulus of comparison, whose intensity was varied 
in both directions until subjective equality was reached. In the others. 
the second stimulus was kept constant, and judgment made in terms 
of the first (variable) sound. Three tnter\-als, (2, 4 and 6 sec.) were 
htvcM^ted. 

6l Binet has recently puhliahed the results o( an Investigation Into 
the development of riitual memory in children. Some 300 boys from 
the primaiy schools of Paris were examined by cl^Ls«es {average age 
7 lo 9, Q to II, and 11 to 13), the cxpetimenis being made upon 
groups of (our. (i) Method of recognition, (a) A standard vertical 
Kne (1.5, 4; 16, 40 or 68 mm.) was shown for 5 or 6 sec. After 
an interval of 4 or 5 sec., a series of vertical lines (single point to t 
cm., dilTerences of 0.5 mm.; point to 8 cm., difTcrenccs of 4 mm.) 
was dHplayed, and the subject required to indicate the line which 
appeared equal to the standard. {|1) The standard was directly com- 
pared with the series. It »-as placed below the latter, at a distance 
ofaboot 10 cm. front it. (ii) Method of reproduction, («) The standard 
lines, shown horizontally, were drawn by the subjects from memoiy. 
or <^ were copied, the standard remaining exposed during the 
experiment. 

The same author has further examined the 'typical' memories of 
bKndfold chess players (visual) and professional calculators (visual 
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uuiltlory), and has compared the number memory of the biter with 
the simulated number memory acquired by mneinotechny (cf. § 30. 5). 

ffinet dixlio|[uUli«« foni mithods of memorial investigation, (i) The method of 
tkscri^i«» coaniti limply, u the name impli«, in the chanKteritatioD ol aa 
object '&om memory.' (u) The method of rn-egnilion. (üi) Tie method of 
rtfrodiKlian. (iv) The method of :onipariion. A given impression a compared 
with the memory image of a previoui imprraiion (tf. the jenuition method o( 
right »nd «lOBg uuc»). The last three method» arc the mote important. They 
dm be employed (a) where the functjoni of cxpcrimeatet and eiperimeatee aj« 
combined In the lame individual (MQnslerberg) 1 {fi) where two petsom >erve 
altcrnaiely » observer »nd eipciimeatcr ; and (y) where experiments ate made 
by a stnglc experimenter upon a large dais (Bioet and Ilcnri, Jailtow, Boutdon). 
They are of «iiislnnec for the invcitigation of individual memories (typical, 
profeuional, etc.); of 'mental ipan', or the number of object» which caa be 
find in memory in a givcD time ; of the petnstencc of memory : etc., «Ic. 
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§ aS. The Attributes of Centrally Excited Sensations. 



I. Cenlrally excited sensations, like peripherally excited, must be 
accredited with quality, ititensity, and a temporal and spatial character. 
The exact determination of these attributes, however, is exceedingly 
difficult, since they do not stand in a simple functional relation to 
external stimuli, and are only occasionally distinct or persistent enough 
to kIIow of detailed description. Important as the question of their 
deßnition is, therefore, it cannot be experimentally approached except 
by indirect methods. The first point of interest is, the relation which 
they bear to the corresponding attributes of peripherally exdtcd sensa- 
tions. Its elucidation has been attempted in two experimental re- 
searches: by MOnstcrbcrg (whd employed printed words to produce 
Uiusions) and the author (who obtained judgments of subjective and 
objective illumination of a dark surface). Illusions, «>., subjective per- 
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■^'«raiooa of ihe contents of objective perception, occur very frequently, 

VKnless delibentely guarded against, and especially when the ouiUnes 

^>f the peiceplion, the dilTerences of the objective brightnesses, etc., 

^Lxe indistiuct. Most of lU have mistaken a tree trunk in the twilight 

for a living person. PoeU hiive often described the change« in a 

dead face that seem to follow the mood of the watcher, iind tlie 

^»wer of a «trained expectation to deceive eye or ear. But it is not 

<saay to ascertain how much in such effects is due to a mistaken 

judgment, and how much to centrally excited sensations. In many 

cases the illusory judgment comes ßrst, and the impression b then 

t.tanafonned into agreement with it. But the fact of importance in 

all phenomena of tb« kind is that centrally exdted sensations can 

stppaiently take the place of peripherally excited, that to ibc judg- 

xQcnt of the observer they arc of equal value witii perception. The 

inference b, perhaps, allowable, that in certain circumstances they 

are qualitatively similar to peripherally excited contents. And, as a 

inattci of (act, Münsterberg has found that if a word is disi>layed for 

a blicf time which presents sume slight difference from anotlier word, 

it is read as though this diflcrence were not visible, provided that a 

word b previously cuJlcd out to the observer whicli stands in intimate 

usocjuion to the other, but has nothing to do with the actual im- 

(vemon. Thus 'part' is read as 'past', if 'future' is suggested; 'fright' 

at 'fruit', if 'vegetable' is given. 

Z. The limits of possible variation of conditions in these expcri- 
mcDb are plainly rcstricicd; and the experiments themselves cannot 
be considered as wholly free from objection. For the nimiber of 
changed or absent letters was so small, that tlie high degree of 
(ffectiveDC» of tlie remainder (which belonged to a word related to 
the word called out) lor central excitation could not be very greatly 
dimiiushed; and the time of exposure was so short, that a rcaUy 
daar perception was impossible, and it might have been prcciitcly the 
region of change or absence whicfi was indistinctly remarked. Ag^tin, 
dtere is the danger that the spoken word helps to form the imprcs- 
äoQ which should have been produced by the word seen. And the 
obmvcr's statement that he clearly saw the whole word is hardly a 
nifficient guarantee that errors of this kind were eliminated. — The 
author's experiments were primarily intended to show that there might 
be iniptessions, even for the developed consciousness, whose diaraeter 
as objective (referable to an external stimulus) or subjective (aiiribut- 
able to the condition of the subject) could not be established a priori, 
by the aid of criteria of general applicability; and that, conscfjucntly, 
the predicates, subjective and objective, are alwaj^ secondary and 
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emiMrical detenoiDatloDS, suggceiibic in 3 great variety of «ajn 
expcrimeats served at tbe same time to cxtcod our knowledge of Ute 
relation of Tcproduction to percepäon. The proccduie was, of caarao. 
alii^getliei without knowledge. The observer sat at his ease ia a 
dailicncd chambt^, and was requiied to say whether he saw aaiy- 
thing, and if to, what it was like, and whether he thought that 
was objective or subjective. The only objective phenomenon it 
duccd wax a faint illumination of the dark wall ladng the subj« 
g^ivcD at im:gu!ar intervals, tut various petiods of time, and at different 
d^GCS of intensity. Nearly all the observers were liable in conftaiofi 
when the stimulus apjirnaclieit tlie limen : an objective was very seldom 
SubjcctiAcd, but a subjective frequently objectified. The number of 
erroneous jtidgpents dificred within fairly wide limits for the different 
subjects. One obsencr (the same who is mentioned above, % 27. iff 
invariably cognised the objective as objective, and saw nothing else. 
3. It may be objected that there is here no proof of the occurrence 
of centrally excited sensations, but that the 'subjective' phenomena 
were due. perhaps, to the idio-rctinal light dust. The objection is an- 
swered by the character of what was seen, the length of time allowed 
for the adaptation of the eye to the dark, and the fact (previously 
referred to) that the individual capacity of voluntary ideation of re- 
quired colour tones showed a quite parallel development to that of 
the capacity of di.scrimi nation in tlie present case. It is hardly pos- 
sible that the retinal light dust could have been confused with an 
objective illumination. One of the facts which the espctimenis brought 
out most strongly was the dependency of the cognition of the objective 
light upon the manner of its appearance and disappearance, its duia- 
tion and immobility, e*c. What is of most interest to us j\ist now, 
however, is the extent of stimulation over which confusion is possible. 
The experiments showed that it is very small, embracing only stimuli 
in the near neighbourhood of the limen. The normal intensity of 
centrally excited visual sensations is, therefore, exceedingly weak. It 
is troc that the observer sometimes expressed the belief that ha had 
seen a strong illumination; but as all the visible stimuli employed 
were very faint, and the surroundings entirely dark, the absolute in- 
tensity of the light Been cannot, probably, be put very high. At any 
rate it is noteworthy that no confusion was made when once the sti- 
muli had passed somewhat beyond the limen; they were then invaria- 
bly declared tn be objective. It must be admitted ttiat the conditioas 
were not favourable to an extension of tlie range of confiisabiUqr. 
The stimuli used in tlie inve^igution were all of the same kindt and 
tlic jiart «I tlie wall illuminuteil remained the same throughout Under 
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^**^^fc dtctsnboco^ c*^^ ^''^ i^ procedturc widiout knowledge, spe- 
''^^***J dilciü of objectivitj must have been casüy discoverable. And 
*^*-ia hTpothcsb it bomc out by the fact that as a nile ctrots were most 
'■^tquently made in the önt esqwrimental series, i.t., before any such 
*-^tena could be applied. F<» thcr same reason, the experiments do 
'^ot add very mach Id oar knowledge of the quality of centrally ex- 
^ited aensalioiu. There is, however, no indication of any really novel 
%od especial quality; and the judgment of subjectivity or objectivity 
Vat never based upon the bet of a peculiar qualitative diflercncc 
tt m e en the two sets of sensations. So that in theory it is not im- 
potaible to obtvn stimuli which shall make an exactly similar imptes- 
iiDD in cofisdousne» to that of the memorial or fancy image. The 
princq»! distmction between perception and reproduction seemed to 
lie in Ifaeir spatial and temporal relations and properties. It is not 
CHjr to imitate the oscillaliou and migratioo, the shrinking and ex» 
pandii^ of the subjective image«, w-hen they are the result nut of a 
voUmtuily directed recollection, but of (he free and fortuitiiux play of 
inaginatioii ; and tltcsie peculiarities <iftcn secured their cognition. It 
not infrequently happened, again, that an impression was at first re- 
garded as obicctivc, but immediately afterwards declared to be sub- 
jective, (of the simple reason that the curious changes which it under- 
went could not be ascribed, in the observcx's experience, to an objective 



4. We may assert, without fear of contradiction, that tlie number 
of discriminable qualities of <:entrally excited sensation.« in general is 
leas than that of the perii>lierally excited qualilie.'«. Wiile w« can 
««i«ajwg.ii«h the quality of two tones, who^e vibration rates <liffcr by 
only half a vibration, it is imputuible fur u.« to imagine two tones 
of sad) slight difference in pitch. And it seems equally impossible 
to recollect the minimal differences of colour tone which we find just 
noticeable in the visible spccinim. In the si>here of brightness, the 
fosctions of the centre lag far behind those of the periphery in every 
xas^ntx. £ut apart from cases in which there is no qualitativx; rcpro- 
doctioa at au, we may assume that centrally excited sensations present 
the «ame qualities as peripherally excited, i.t., that they contain no 
quality wtuch is not found among the latter. At the same rime, 
Ihey cannot be regarded as simple revivals of peripherally cxdted 
contents, if only for the reason that their remaining attributes are very 
rare^ indeed identical with those of perception. The most striking 
evidence of disparity is, perhaps, afforded by intensity: at least, this 
«ooki explain why it Ls that intenaity is ordinarily considered to be 
the distinguisfains characteristic for the separation of perception Ironi 
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DMmotyr It bas often been remarked that an imagined tone does 
not sound, or a remembered pain bum. ot a colour impression thought 
of tlluminate. And it has, presumably, been said also that the idea 
of an intensive noise is not the same as an intensive idea of the 
noise. It is only in special cases that centrally excited sensations can 
rise from their accustomed fatntiiess to the vividness of sense per^ 
ccption. We then speak of them as haUueinatiom; and they enter 
into a disastrous compciition with the teal materia! of perce]>tion, 
completely transcending the boundary line which so usefully divides 
it from the material of imaginatioo. The normal gntdations of inten- 
sity of memorial images are very few. As regards their temporal and 
Spatial determination, we again find large differences between the 
results of peripheral and central excitation. Let the reader attempt to 
construct by recollection the image of a town, which a brief glaiKe 
from a suitable distance can comprehend in all its spatial complexity. 
It is difßcult to reproduce will) any pictorial distinctness and adequacy 
even this or that part of the image; and the part thu.i repioduced is 
but a minute fraction of the whole. And with the duration of the 
ccntrully excited idea it is even worse. If the perception was a 
matter of a few seconds, its reproduction may be possible, although 
it b difficult to hold a centrally excited sensation unchanged even for 
a few seconds. But any considerable duration is simply unrcproduc^ 
able. Succession, too, cannot be imagined as of more than a certain 
rapidity; whereas in some sense deparunents the rate of sequence of 
perceived impressions may be very much greater, 

5. <i It follows from these considerations that memorial and fancy 
images are as a rule sufüciently different from perceptions to be 
readily and certainly distinguished from them. Indeed, tliis difference 
Eb necessary, if recollection on the basis of reproduction is to be 
possible at all. It is of the greatest importance, biulogically and 
practically, to know whether an impression has been already sensed, 
experienced, or whether it is altogether novel. Only peripherally 
excited sensations have this property of novelty, and we are, in most 
cases, quite sure as to its applicability. This difference of character, 
then, is necessary, if a recollection is to be judged at once as 
recollection and an imagination as imagination. On the other hand, 
a dtfiniU recollection contains always an unequivocal reference to the 
experience which it recalls. Thus a photograph will remind us of a 
scene or a person, despite its unmistakcabic differences from the 
. original, because of the expression which it gives to individual and 
characteristic features. And a memorial image of an object or 
occtinencc will recall that particular object 01 occurrence, because of 
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its unequivocal rektion to it. The unequivocal icfercn« of the 
photograph b due to its apparent identity in spa^ arrangement and 
distributioD of light and shade with the object which it represents: 
thai of the moaoriaJ image to its csacntial agreement with the previous 
pcxccption a* regaids quality and temporal and spatial disposition. 
Centrally excited sensations are thus seen to be merely convenient 
rigns ai>d symbols of perception, but not its only posuble represen- 
tatives, and not a priori given in that chatuder. We must leain to 
uiitise the relation of roeinoriiJ images to peripherally ex<^ited sen- 
taiions, ju.st as we learn to ondetstand the relation of photograph to 
original. The process is eoonnously TacilitAted by the UkencM of the 
qualities of perception and memory, and by our habit of describbig 
cxpcriertcc without reference to Üie special attributes and propertie* 
which differ considerably as betvrccn image of recollection and image 
of pcTceptJoo, %.t., inlcnsit)', extension, and duration. 

6. But it is important to emphasise what ha£ just been said, that 
reproduced sensations arc by no means the only aids to recollection. 
Any fortuitous percepUon may excite the idea of a situation in which 
a simiLir impreeion liad a part to play. Written and spoken words, 
seen and heard, symbolise experiences of the most varied kinds in 
dtaractcristic ways. Moreover, certain properlies of peripherally 
excited sensations we have seen to be altogether impossible of repro- 
duction: such are the extension, intensity, and long duration of an 
impression. As we arc, nevertheless, able to recollect these facts 
with more or less of accuracy, there must be a number of special 
indications in addition to the reproduced sensations, enabling us to 
cognise their existence in the original perception. And, indeed, 
there is im lack of signs from whicli we can Infer duration, extension, 
and intensity. When, t^;., we wish to reproduce the time occupied 
by a certain process, we are accustomed to estimate tlie number and 
dniaboD of the individual expeitcuces contained within that time. 
We follow precisely the same method, only reading space for time, 
in forming an idea of a distance whicti we ha^-e previously seen. 
Very intensive Impressions are usually sensed not only by way of the 
organ to which tliey iire adequate, but by others as well. The 
common sensation which is thus originated may assist us in the 
ideation of a brilliant light or a loud sound, etc. Mo\-ements are 
evcrj-whcrc important (cf % 37. 10). It is perhaps not too much 
to say Utat a voluntary recollection never takes place without their 
afisistaooc. Wlien we think of intense cold, our body is thrown into 
treinulous movement, as in shivering; when we imagine an extent of 
space, our eyes move as they would in surveying it; when we recall 
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a rhythm, wc mark its rise and fall with hand or foot MoM !■• 
portant of all, however, arc the movements of speech, which stand 
in unequivoc^ reUlioDS to ifac perceptions of every sen«! dcpartmcDl. 
Tlie principal reason Cor oor fori^tfulcesa of moat of the events ol 
our «uly childhood is that they occurred before speech was ftally 
developed, that ihe^ were not fixed in memocy by unequivocal phnues. 
Our recoliectioo of an event often consi*t» .simply in it» description 
in language. And thix help« us to undersund how it is that a practised 
speaker o«-cs comparatively little to the conscious guidance of repro- 
duced scnsatioDs, when developing his views in the steady fiowofhis 
oiatioa. 

7. It will now be seen why we have spoken in this Chapter of 
centraUy excited sensations and not of memorial or fancy images. 
Both of these expressions are, to say the iea^t, liable to misunder- 
standing. No mental process Is intrinsicaUy a recoUectfon or an 
imigiDBtioa; no special da» of Hcn:Mtinns has the eicluxive privilege 
,of subseiying memory. A certain content become* reci>tlecIion by a 
judgment connected with it, and this judgment can be produced by 
extremely different causes. Imagination, in the same «-ay, is charac- 
terised not by the appearance of particular series of sensations or ideas, 
but by the realisation that the given ideas present something n«w, 
never before experienced In Ulis foim. but possibly to be perceived tn 
the future. The actual psychology of recollection and imagination will, 
therefcjre, vary within wide limits; rV. both the conscious contents 
which serve as motives to recollection or which are realbed to be 
(ancies, and the specific judgments which attribute this significaDCe 
to them can be entirely difTeicnt. We also avoid the use of the term 
reproduction in this connection. In the first place, it fosters the Incorreci 
opinion that centrally excited sensations are simple rc^■ivaI3 of peripherally 
excited, — or, at least, implies this particular ihcorj- of their origituition. 
But it also lays exclusive emphasis upon the qualitative similarity between 
centrally excited and peripherally caused sensattons.-and takes noaccount 
of their generic or specific differences. We may claim to have proved 
that, especially in the case of recollection, the diffcrencet are not less 
esiential than the similarities. Moreo^-er, it must not be forgotten thai 
likeness of quality b only noticeable, apparent likeness, — that it is 
simply a relation of contents, in whidi they evoke the same judgment 
The judgment of likeness may be passed, when, ax a matter of fad, 
the sensations judged arc not tike one another, and the range of this 
objective unlikencss vrill be greater, the more wnfavoiirable are the 
general conditions of comparison. Now we know that the certainty 
of cognilioo of qualitative differences is proportional to the coincidence 
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^V^ >n the other attributes of the cumjiaced Mncatioiu. So thiit tlie 
^^ P*n diffocnoes which tre find in intercity, and ia spatial aod temporal 
tAaacter, must of thcmseivc« ni.-tkc it very doubtful that apparent 
Umc» b here even an approximation to actual likeness. But. for 
Ae pcocess of lecoUoction, it b merely appareni likeness which b 
txasauj. And the numberless mbtakes to which oar roooUcclion b 
liable are onlj loo clear proob of the diSennce between the asserted 
aod real identity of the contents of pereeptkm and inen»ry. 
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t. AiiMotle found the conditions of the reprtHlutticm i>f idcii.i i» 
certain reltiiooSi which he classified under the four heads of Kimilariiy, 
contrast, siicccMOOt aod contiguity. In modem times the English 
po^rdiokigiBts, and especially Hume, have carried out the Aristotelian 
doctrutc in detail, and applied it in various directions. Thus the belief 
that attctiaiMn b the sole condition of reproduction has come to be 
oae of the cardinal artidca of the pe)rchological ciced. J. S. Mill 
dedaied that the law of associuiion was co-ordinale with the law of 
gravilation, ruling tlie psychical world as gravitation go^'ems the physi- 
cal. Sometimes, it b tnic, another new has cropped up: Herhiirt, 
in paiticular, speaks of a direct reproduction by way of spcntantous 
iJ*M. Hartley, too, devoJoped s phjFsiological theory of association, 
to which recent pathoto|^l observations and anatomical ins-estigations 
have given a more dednite form. Expcrtmenlal psychology has hitherto 
omoeRied itself but Uttle with the asaodation question, though a few 
valuable contributions have been made to our tcnowledge of the intimate 
oatuie of the particular proceiaes iji\-nli-ed. Lastly, Wundt has dijiin- 
goished between autociativ« atul 3pperrcpti%-e connections. The fonner 
an the result of given rebtions between ideas, t^., their contiguity 
m space or immediate Hucceision in time; the latter require a com- 
parative and selective activity of the subject, i.t., the aid of appercep- 
tion. Wundt also consideTS association in its technical sense of the 
condition of repradtiction to be only a special case of ideational 
DPoae c l i on in general. And it b his merit to have denied the fun- 
dmental value of the dbtinction drawn in psychology previously 
between perception and recollection, which we have ourselves dbpuicd 
in the two foregoing sections. 

z. The bw of association in its most general form aiaerts that two 
ideas, a and i, under certain ciicinnslances connect with one another 
in such » way that the appearance of one of them, a, effects die 
reproduction of the other, b (J 27. 10). Now it can be shown that 
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this is not tlte only pos^ble fomiulation of the unifonnily in quesoöS^H 
and, wbat is mure, that its coDtent docs not command universal asseiwB 
Mill's i>roud compariaon with the law of gravitatioD i«, therefore, ir=^ 
somewhat sorry ciuc. The law of gravitation can be stated simply an^M 
accurately in a in;ithemalica] formula. But (l) every psychologbt of^ 
Standing has his own laws of association. This ^t alone would 
Ldccidc us to analyse and scrutinise narrowly the facts upon which the 
l]aws arc based. Moreover, (2) the strict school of association icquirea 
tthat every reproduction be brought about in the same way, i^-, thai 
^thc only reason for the return of a reproduced sensation to consctous- 
ness be an association previously formed with another sensation. 
There are two experiences which a]>pear irreconcibble with this 
.lequirctncnt. (a) The first is one which we have just referred to: 
direct rcproductioD, or the spontaneous origination of ideas. It is 
Lsot seldom that a complex of centrally excited sensations suddenly 
F'occurs' to us, without out being able to find any associative orig;in 
for it. The difSculty of this exception to the rule that association is 
the sole condition of reproduction is usually met by the assumption 
of unnoticed or unconscious connective terms. Special circumsianccs. 
it is said, combine to prevent the conscious appearance of any but 
, Ihe bnal link in the chain. Now it cannot be denied that resolution 
fef direct into indirect reproduction is often confirmed by a subsequent 
Analysis of experience. But whether indirect reproduction is the only 
possible form remains an open question. And its answer will depend 
not upon particular observations, which are incapable of deciding it. bat 
iqwn the theoretical ideas by which their explanation is allemptcd. 

3. (A) But there is another experience which speaks more decisively 
than Ihe spontaneous origination of ideas against the doctrines of the 
strict school of association psychologists. It is the indisputable occuircnce 
of indirect recugnition without any precedent association of the reproduced 
and reproducing ideas— without any previous implication in an associative 
connection of the conscious processes concerned. We do not come with 
vacant minds, helpless and heedless, to the reception of new impressions : 
the novel, like the (amitiar, sets up a movement in tlic train of our ideas, 
perhaps, more or less universal, perhaps, unequivocal and definite. It 
makes no difference whether the qualities are simple or complex. But 
a£ it may be affirmed of the latter that at least their simple constituents, 
the truly excitatory or reproductory processes, have been already 
experienced, it is better for oui purpose to establish the fact at issue 
first of all by reference to simple qualilieH and separate sensations. 
Noonecan say that he has seen every discriminable degree of brightness, 
that he knows every possible 'gray', and lias set it in an especial 



issocation. And yet, any quality of brightness which becomes the 
object of atlenlioD will at oocc excite a name, if nothing cUe, and 
^uite possibly other individual idea«. The same aigiimcnt may ob- 
viously be extended to all sense dcpaitmcnts in which the number 
of qualities is large, *^., to smell and hearing. But the reasoning 
lioldfi equally well of complex impressions which reproduce in tbeii 
totality, and not by way of particular constittients already experienced 
and connected. A painting, a musical composlUon, a landscape, may 
Hpe effective as a whole to produce centrally excited sensations; and 
^Tt caruwt be asserted that in every case certain individual lactot^ of 
the total impression have farmed the starting point of reproduction. 
The psychological explanation of a sub^umption of concrete prooesset 
under a general concept is that the processes given in perception 
Tepioduc« the aaxne that represents the concept. But the subsumption 
by no means invoK-ea an a^sodalion of all the given processes with 
^the name in question. 

^H 4. But we have not yet exhausted our supply of factual objections 
^^Bo this form of the doctrine of ;issonation. So Ear we have spolcen 
^Knly ol qualities as reproducing factors. But e;ich of the other attributes 
of sensation may be effective in its own way for the production of 
central excitation. All d^recs of the intensity, all gradations in the 
spatial and temporal character of an impression may give occasion 
to rqiroduction, and still only belong in part to the category of the 
experienced and associated. Here again, thert, is a refutation of the 
atacrtion that all indirect reproduction mu.«t be preceded by an association. 
We arc at least compelled to admit an indirect rc]>ti«luction which 
is not a staple repetition of an earlier connection formed in perception 
and memory. But we can go farther. When we remember the results 
of the foregoing discussion, we shall not hc»it;i(c to aflirm that a 
repetidon of the latter kind can hardly take place at all. Psychology 
cannot say absolutely, even of perceived impressions, that they remain 
the same in spite of changes in time and circumstance: still less can 
il assert that the centrally excited sensation is an exact replica of the 
peripherally excited. And tlie question of the relation between 
association and re]Moduction tum.\ essentially upon cases in which the 
connection between two perception contents is given as the explanadon 
of tfao fact that the levival of one of diem arouses or excites the 
mctnorial image ootresponding to the odier. If, then, we term the 
partial identity of memory image and peripherally excited seiuation 
'similarity', we can ordy »ay, in strictness: a perception content a 
reproduces an idea ß, which is similar to a 2 previously connected 
with iL 
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j. Again, the current distiDction of tbc four lata of iiiiiiilinii 

OonUios an aduüsioa of the poasibili^ of intUtect reproduction «ith- 

cut precedent anuicctian of conadons tT"i'">t*- H^irodtKttaD on the 

DgroaBd of temporal or spatial ccmtigoitr ccitaüüy pnesopiposcs thai die 

RdcaB uaodated have beai previsnsiy expciienccd in thai connectioD. 

"Bui the recoUectioa of an inpressiun similar to or coDtraating with 

the olifect of pcicqition as ccitainly does not imply that the two 

vüiiteiib ihua related either hat-e or Lave not beeo experienced 

together in the past. The reproenuitives of the strait doctrine of 

iKHOci&tion which we are here i>ppuHng have, naturally, proceeded 

now and again to di;iw the logical conclusion that contiguity it the 

sole incentive to iLisocbtion, nnd that all apparent cases of rcproductioa 

by similarity or contrast must ri^Uy be referred to it. Wc cannot 

our;telvex admit the nccessiQr of this reductioii, as we have, in the 

uxHSSe of the ptebcot disctis^on. found other reasons for believing in 

nhe ponibility of a reproduction which is not dependent upon assoda- 

lion. The only question for us, then, is whether the allegation of 

similarity and contrast as causes of an indirect reprcxiuction not 

associatively effected, can be regiirded as a correct and adequate 

Ldescription of the focts. The sirnil^irity of two simple qualities may 

tcoosist (a) in the slightnesa of tlie diß'erence that obtains between 

Bim. Thus two just discriminable shades of indigo blue in the 

Rpectrum may be termed similar colour tones, (b) Or similarity may be 

Fdefined as partial identity. Two colour tones of different satiuation, 

extension, or duration, but of tbc same quality, would then be similar. 

((> Or, lastly, similarity may be predicated of two qualities which 

Stand in one and the same relation to a third. Thus red and green 

arc similar, because both reproduce the word 'colour'. It b easy 

to sec that these dcAnilions may cross in various ways, and. In certain 

cases, may contradict one another. We cannot, therefore, allow the 

term 'Mmilarily' as the name of a bw to pass unchallenged: it b&r 

too ambiguous. And the same is true (it is not necessary to go into 

details) of 'contrast'. Moreover, it b suggestive, that only the second 

of the three possible mcaningB of similarity can be at all precisely 

lormulatcd; and that even here tliero is the danger of forgetting 

partial identity, and falling back again upon a vague similarity. Under 

I these circumstances, anything can plainly be looked upon as similar 

^to anything elae, and in patticulai a relation of contrast translated 

forthwith into a relation of similarity. 

6. It has accordingly been attempted to eliminate contrast altogether, 

and to explain all cases of contrast association by the similarity which 

L contrast impUcs. But then wc bavc an equal right to press the extreme 
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»uiabiUty and rclalivit)' of 'aimiUnty' still hinhcr, and to (Imw- ihe 
condmion (hif;hly satisfoctocy to a mind doiuinaleil by th« cniving 
fi» imificatioii) lliat there JK only one incentive to rcprodiirlion — 
amSarity. As a matter of f.tct, alJ the terms of a rcUttiuii of temporal 
or ^ntial cootiguity are similat. On the other hand, if psychology 
and not lo^ tit to furnish the aiterion, the only rood to a knowledge 
of the conditions of the appearance of centrally excited sensatjons» 
to a determination of the incentives to reproduction, lies through an 
analyus of the facts. We will not here anticipate the icsults of this 
analysis, bat will merely remark that cxpciienco undoubtedly demonstrates 
the effectiveness of associations based upon the contiguity of thefi 
terms, whereas there Is no dear proof at all of repiotluction by 
simQarity oc contrast, (a) It will hardly be asserted that a tone, 
odour, or colour, which '■& but little difVcrcnt frorr another, will arouse 
that Other in virtue of the sl^htness of its difTcrenoe. Or at lea«t, it 
vill not be fiiund tliat thi» fact alone, aptirt from other incentive« to 
repiroductinn, gives it any noticeable advantage fur mcmorj- over sen- 
sations whotc differences are more considerable. (A) We pas» to the 
partial ideniily of Ninilar contents. As referred to sensations, thi« 
C30 only mean that one attribute is the same, while the rest arc 
diflerenl. Btlt as referred to sensation complexes it may also mean 
that cettain constituents are identical, or that certain relations (temporal. 
spatial ot intensive) make the same impicssjon in spite of absolute 
divergences. Now "reproduction by siraflarity" pre^enW no difficulty 
ui the case where an absolutely identical or at least apparently identical 
quality b cooimon to both sensations or sensation complexes. When 
the two ideas ah and ac, which are 'similar' in this sense of the word, 
reproduce cadi otlier, the process of recollection U ]ilainty mediated 
by a tm^ütution ; ia., the identical part a reproduces its former 
surroundings, which as it were step into the place of those given in 
the perception of tlie moment. But tliis is a reducüon of reproduction 
by mmiiaiity to sissociaiion by contiguity. It is worth while \n 
emphasise the (itct that the term 'substitution' covers a real process. 
and is not a mere figment of theory. The idea ab docs not ftinctioit 
as a whole to reproduce ac; a is not duplicated, but remains unchanged, 
while t, which it excites, attaches itself to it. Sensations, again, do 
not seem to reproduce and be reproduced in (his simple way. A 
green square docs not as a matter of course call up a green triangle 
or a red square. On the other hand, the jiroccss is of vcij' frequent 
occurrence among sensation complexes, the common constituents <A 
which can initiate reproduction in their own individual r^ht. Thus 
MBie secondary ntotif in a iiiece of mt:sic heard for tlic first time 

1.^ 
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may rctniixl the auditor of a (amitiar composidon in which it alt»,' 
(Hxnis; or an odour wbidi b now seaaed in a punicular connection may 
arouse tlte idea of a previous sitaation in which it {dayed a part. 

7. Uuch more difficult of exjdanatlon is the other case of partial 
identity: tliat due, not to an absolutely identical factor, but only to 
a relative identity. A favourtte instance of rcpnKtuctioo by siniiliirily 
b tlie suggestion of a person by his picture, or of an extensive aDd 
variegated lamlscape by a xmatl monotone photograph. In these case» 
contour and light and shade make the same impretsion, but there i» 
no really common constituent, — absolutely regarded, qualities arc as 
different as forms. There can, thereibi^ be no <juestion of the occor- 
rencc of a simple subsiitution, such as we have just described. But 
in all such cases recollection only takes place {in the author's experi- 
ence) if we already possess a knowledge of tlic significance of pic- 
ture and photograph. We have to learn (cf. § z8. 5) that a relation 
cxisu between Üiem and the objects whidi they represent When 
that u understood, the knowledge tliat what we have before us \» 
simply a copy of an object will guide reproduction into the right 
path. As a general rule, the concrete name of the represented in- 
preminn appcan fim of alt in consciousness, and then follows, pethspcs 
Its memorial image, with all the circumstances of the previous per- 
ception. But the portrait Qn the author's observation) does not 
arouse the idea of its original directly, for the simple reason that 
the two coDicnts cannot possibly subsist side by sid^ and that it 
sufEiccs for recollection to think of the circumstances and name which 
attach to the original. There is no more a revival or duplication of 
perception here than there iü in recognition (§ 27. 8). The similar 
docs not recul) the siintlir, but has tlie »ame effect as the similar, i.t., 
reproduces the »june wonU, idens, etc. The problem which this instance 
presents ia, therefore, the .same a» tliat offered by similarity if) in ita 
third mciiiiing. Two impressions, we «lid, are similar, when tliey 
Mand in the same rclatiim to :i thinl. Here again, it cannot be 
asserted that similarity works as an incentive to reproduction, but only 
that similar contents can arouse the same ideas. We shall return to 
this point, which is of especial importance for the psychology <£ the 
concept, iu the following Section (§ 30. 9, 10, 11. Cf, § 31. 2). 

8. We have been unable to discover any confinnation of the 
hypolliesLi tliat similarity i« a law of re|)roductioD. In mimy cases 
its influence is not demoiisirable in experience at all, in others itina>' 
be reduced by catciul analysw to a |iar(icul<ir form of oontigtiit^-, to substi- 
tution, and to a peculiar i)sycholc>g)cal phenomenon whkh docs not 
appear to have been dcsciibcil hitherto with any minuteness. It could 
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easily be shown lliat experience speaks with equal decision ngaJnst' 
reproduction by contrast But we need not «pend lime in defence of 
this asMition, ax the theory of repcoOuciion by c>>ntnut Li iiardly 
Liken xcriowly by modem jwycliwliig}'. We have not attc-nii>t«J to t 
answer the fundamcnt;il <iuc<tion as to how »imilnr ideaii come to liavc 
the property of dfectivciicss for central excitation, since we have not 
been concerned »0 far with theoretic explanation, but only with the 
ascertainment of tlic facts accessible to intTosjHrction. Gut at the con- . 
cluson of our inquiij-, we can hardly avoid raiung the general issue. 
Simitadty and contrast are capable of quantitative gradation. At least, 
in its first and sim])lest meaning uf a slight difference, similarity may 
be regarded as of various degrees. And die same is true by analogy 
of contract, vtliich would indicate a very high degree of difference. 
No«' if similarity and contra&t are put forward as incentives to reporo- 
duction, we »hould expect lliat theii d^rees would be referred to >)■' 
affording a quantitative determination of tlidr reproducing power. It 
is curious that the literature uf association (so far as the author can dis- 
cover) is silent upon this point: it 13 nowhere stated, e.g., that a 
greater similarity '» more cflettive than a le*s. This is only another , 
indication of the usclcssncss of the two concepts for the cxprcswon 
of a law of reproduction. On the other hand it must be admitted 
that the experiences upon which our analyns has been based are both 
incomplete and uncertain. Tlie dcGdcndes of psychological investlgatloD 
when unassisted by expenment are only too manifest throughout. 

9. We liave not, even yet, said all that tliere is to say In criüdsm 
of tlie doctrine of a.tsodalion. (i) Pot the word a-tsodation is not at* 
ways employed in the «enite in which we have used iL It often signt- 
fies reproduction itself «ml nut a condition of reproduction. ITic 
phrase: 'the idea a assodatcs with the idea h' tlien «imply means: 'a 
reproduces 6.' In this .sense, tl»; tcrni has been made to cover every 
form of connection of idciLi «r (.en-iations which occurs in consdons- 
ness. In principle, no objection to the nsage can be made: it is 
only regrettable th;it more has not been done over the whole fidd of 
sensational connection. For the connection of u peripherally excited 
sensation with a centrally excited b only one of a number of possible 
and actual connections. That it has attracted such exclusive attention 
is due lo a purely rnnterial cause, the great interest that attaches to it 
as one of the most important factors in cognition and volition. (2) 
Association has uiten been interpreted as a causal link bet^t'ecn ideas. 
Herbart has employed it in this sense foi tlie construction uf a real 
mechanics of ideas and their reliitiDiis, their rise and fall. It would 
be loreign lo out purpose to dlscuai this construction, which, largely 
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conceived as it was, ig devoid of all practical signiücance, and ha^s 
ver been carried to its full completion. The metaphysical postulates 
vhich Hcrbart requited in order to subject the course of ideation U>- 
mathematical ticatmcat are not reconcilable with Ibc recent observations 
of nervous physiology and pathology, and must, therefore, be declared 
invaUd. There can be no doubt at all that reproduction la influenced 
quite deSnitc ways from tlic physiological side. But If the associ- 
^sied ideas arc dependent upon cerebral conditions, we need not 
a&»iimc a particulai causal connection between the idea» theinsclvies. 
Tlie fads which seem to pc>int towards its existence are much more 
simply cxpbiucd by the cauistil interconnection of certain localised 
physiological proccftes. AndlhUrefcrcnceisespeciallyvahuib!ca«eDabIiag 
us to UDderitan<] the \'uriiiiioiiK which experience, unaided by mcta- 
ptiy^c^ cannot but notice, and find adverse to the theory of the causal 
cbaracter of the supposed mental rclatioos. (3) lastly, tlic a^'-ociation 
psychology, as a rule, takes no account of the marked infiucnco ex- 
erted upon reproduction by temporary mood, direction of the attention, 
etc., i.e., by general and special conditions of a central nature. We shall 
endeavour in what follows to tabulate tlie conditions of centrally es 
dtcd scnäatioDs with some degree of completeness. 



§ 30. Incentives to Reproduction and Liability 
of Reproduction. 



1 



I. CcDtmlly excited ücnsaticjns differ from peripherally excited 
in that the proximate condition of their origination is not the 
excitation of a sense organ, but a purely central process. This distinc- 
tion implies that Uicy. too, stand in a functional relation to physiolo- 
gical processes, We cannot give any more precise description of these 
than wo could in the case of peripherally excited Sensation^: and wc 
cannot, of course,— as iu their ta.se we could, — bring specific quality 
and the other !>cnsation attribute.'^ into a relation of tliorou^h-going 
dependency upon panic ularilic» of sense organ or external stimulus. 
The central nervous processes which run parallel to sensation admit 
present only of local deünitlon. Wo must, therefore. diNpeii*c in 
invesi^ution of centrally esciied seatations with the vjlu»ble as>iitt- 
ance whieli an exact \-anation of physical conditions renden to psy- 
chol(igy in other connections. The resulLi of exjKTimcnls upon living 
animals might be appealed to: but (l) wc cannot reason without 
hesit.itii>n from the animate to man ; and (2) the established facts arc 
too few in number to have added much to our stock of knowledge, 
and arc inadequate to overcome the many dilücultics of the problem. 
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^)n« conclusion, in parlictilar, which has been drnwn from phyalotogical 
^sxperiment, — that the "perception cells' are different ftoni the 'tnemory 
-^rcBx', »>., tliat the locality of tlie central process umlerlying peripheraUy 
«xdted sensation is different from the physical counterpart of centrally 
«xcited sensation,— is based upon a very insufficient analysis of recog- 
nition {§ 27. 8). The various pathological observations of disturbance 
of memory, iiiielligciice, etc., furnish a gre;iter number of uschil and 
reliable focts. But for the most part, we have to depend upon the 
[emit of introspection, which is indicative of the conditions of repro- 
duction, at least in the frequent cases in which they are accompanied 
by conscious phenomena. 

3; Tbc appearance of a centrally excited sensation is declared by 
introspection to be dependent (i) upon gtntra! conditions, *^., upon 
atlcnlion, feeling, will. These conditions do not, as a rule, give rise 10 
dcünilc ccniially excited sensations, but constitute a complex of causes 
adequate to determine their general character in consciousness. Why 
this reproduction, and no other, takes place at a particular moment, 
cannot be explained either by attention or by tlie feelings as such. 
(2) Tlie second class of conditions of the appearance of centrally 
«xcited sens;iti(ing is composed of other (peripherally or centrally 
excited) sensations. We term these sftuiat conditions, because they 

E -stand in an exclusive relation to detinitc reproductions. They fall into 
two clearly distinguishable groups, which we may tenn ii»etntiv*t t& 
repTodticlhn and maUrials of reproduction. The former comprehends 
the sensations which give occasion to the fonnation of a reproduction, 
/./., co^-ere practically the same ground as the current term 'assodatJoo.' 
When 3 centrally excited sensation ^ appears in consequence of a peripheral 
sensalioo «, a is the incentive to the reproduction qf p. ■ The relation 
which must be assumed to hold between a and |J we will call Uabilily 
#/ rtprodattion; and it will be part of our problem to discover the 
cinrumstances upon which it is dependent. The second group of 
»jiecial condition* embraces the peripherally «xdted sensations, which 
(expecici>ce tells u») must have been protluccd for centrally excited 
leiuations similar to them to be possible. Wc must have seen, if we 
are to be able to experience visual memory images: there arc no cen- 
trally excited visual sensations in congenital blindness. These materials 
of reproduction are, therefore, alwa)-s peripherally excited sensations. 
The relation which obtains between them and the cenirally excited 
sensntioiut dependent upon them wc will call KhKfideiity of rtproditethn : 
and wc «hall have to inquire into the circumstances which influence it 
In the present Section wc will deal, first of all, with the incentives to 
feprodocrion. 
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coDoeivcd as it was, is devoid of all practical significance and has. 
never been canicd to its full complctiuii. The metaphysical postulato 
which Hcibart required in order lo subject the course of ideation ti> 
mathematical ucatmenl arc not icoondlahle with the recent observations 
of Qcrvoua physiology and pathology, and must, therefurc, be declared 
invalid. There can be no douht at all that reproduction is influenced 
in quite dehoite ways from the physiological side. But if the associ* 
ated idea:^ arc dependent upon cerebral condition.t, we need not 
a^iuue a particular causal connexion between die idea» themselves. 
The ticls wliicli seem to point towards its existence are much more 
Kimpty explained by the causiJ interconnection uf certain localised 
pliyt)iulo;;ii:al pn>cesseü. AiidÜiisrufeTcnceiscspeciallyvaluableasenablini; 
u» to underälurxl the variations whicli experience, unaided by mcla- 
pliysic-s cannot but notice, and liiid adverse to the theory of the causal 
charuder uf the supposed mental relations, (j) Lastly, the association 
psychology, as a rule, takes no account of the marked influence ex- 
erted upon reproduction by temporary mood, direction of the attention, 
etc., f.'., by general and special conditions of a central nature. We shall 
endeavour in what follows to tabulate the conditions of centrally ex- 
cited äCDsaliöns with some degree of completeness. 

§ 30- Incentives to Reproduction and Liability 
of Reproduction. 

I. Centrally excited sensatiuns dilTcr from peripherally excited 
in that the proximate condition of th«r origination is not the 
excitation of a sense organ, but a purely central process. This distinc- 
tion implies that they, too, stand in a functional rcbtion to physiolo- 
gical processes. Wo cannot give any more prcdso descriptioit of these 
than we could in the case of penpherally excited sensatioris: and we 
cannot, o( course,— as in tlicii case we could, — bring specific quality 
and the otiier sensation attributes into a relation of ihorough-goinj 
dejiendcncy npon iiarlicularities uf sense organ or external stlmutuä. 
Tlie central nervous processes which run parallel to sensation admit 
at present only of local definition. We must, llierefore. di»iieiisc in 
oitr uivesligaiion of centrally excited sensations with the valuable axust- 
ance wluch an exact variation of physical conditions renders to p«y> 
chology in other connections. The results of cxpcrinients upon living 
anim;il« might be appcJiIed to: but (r) we cannot reason witliout 
hesiUiiion from the animal« to m^in; and (z) the established ütcU arc 
bvi few in number to have added much to our 5iock of fcn^vwlt^dgc. 
and arc inadcKjuate to overcome the many «lifficuliieK of the problem. 
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^3ne conclusion, in parücular, which has been drawn from physiological 

■experiment, — that the 'perception cells' arc diffeicnl from the 'memory 

■ceJIs', i.e., that the locality of the central process undcilying peripherally 

excited »rnsatioD is different from the physical counterpart of centrally 

cited sensation,— is based upon a vcr>' iasufBcieot analysis of reco^ 

nition (§ 27, 8). The various pathological observations of disturbance 

^ memory, intelligence, etc., furnish a greater number of useful and 

■ reliable facu. But for the most part, we have to depend upon the 
result of introspection, which is indicative of the conditions of repro- 
duction, at least in the frequent cases in which they are accompanied 
by conscious plienomeiia. 

»2, The appearance u( a cenbiilly exciled sensation is declared by 
inirospectiim to be dependent (i) upon gtneral conditions, t.g,, upon 
attention, feeling, will. These conditions do not, as a rule, give rise to 
definite centrally excited sensations, but constit;ite a complex of causes 
adequate to determine their general character in consciousness. Why 
tbb reproduction, and no other, takes place at a particular moment, 
cannot be ctplatned cither by attention or by the feelings as such, 
{j) The *econd class of conditions of the appearance of centrally 
excited scnsationa is composed of other (peripherally or centrally 
excited) sensations. We term these tpecial conilitions, because they 
stand in an exclusive relation to definite reproductions. They fall into 
two clearly distingulthnble grou^M, which we may term intintivu /« 
trproiiHtlion an<l materials of reprotiudion. The former comprehends 
the -lensaiitin» which give occasion to the formation of a reproduction. 
ijt., covers pracHcally the same ground as the current term 'association.' 
_ UTicn a ceniially excited «ensadon ^ appcarsin consequence of apcripheral 
Hsensation a, a a the incentive to the reproduction of |}. - The relation 
which muxt be assumed to hold between a and ^ we will call liabilily 
«f npivdatiioit ; and it will be part of our problem to discover the 
circumstances upon which it is dependent. The second group o( 
special conilitions embraces the peripheially excited sensations, which 
(experience tells us) must have been produced for cenirally excited 
sensations similar to them to be possible. Wo must have seen, if we 
an to be able to experience visual memory images : there are no cen- 
tnOy excited visual sensations in congenital blindness. These ra:Lteriab 
of reproduction arc, therefore, always )>eripher!tl!y excited sensations. 
The reblion which obtains between them and the centrally excited 
sensationB dependent upon them we will call Xhc fiittlilv ef rtl-roduttion : 
and we shaD have to inquire into the circumstances which ioRuenca IL 
ta tlie present Section wc will deal, first of all, with ihe incentive to 
Rjiroduction. 
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3. ir wc are sciiled in ;i darkened chaiiiber itiid Middcnly catch tbe~ 
scent of a uae, vc sitall be apt to tliink of the tiLisc as an object of" 
visual perceptinn, i.e., the scent will call up the image of some roee 
previously seen. There can be no doubt that tliis rcproductioD could 
not luive been effected witliout experience. Wc must at some time or 
other have had both contents in consciousness, the characteristic fra- 
glance and the visual idea of the flower. But it does not necettKirOy 
foUow that this definite flower was connected in our minds witli this 
definite scent; noi is It ncrexsary that the visual im:ige arise at alL 
A judgment may be formed : " there are roses in the room " ; or we may 
recall a situation in wlii<rh the iiceiit ol roHcs particularly attracted our 
attention, and so on. Which of these difi'crent possibilities is rciili:scd 
does not depend upon the sensation of «mcll; where that exert'« any 
influence at all upon the character of the reproduced ideas, it docs 
so only within ccn^in Umits. If oui sensible discrimitLation for socnts is 
highly trained, the centrally excited visual sensation of a row will be 
restricted to a definite variety of th« flower; but even in this case the 
differences of form, of size, and of surroundings are so great that the 
reproduction cannot be said to be really definite and individual. So 
that, on the assumption thai we have seen not only one but a whole 
number of rose blooms, that theKe perceptions occurred under different 
circumstances, anil that wc have sufficient knowledge (o n;ime them, 
there is a fairly large range of variation for the conscious contents 
aroused by the olfuriorj- sensation. Conversely, perceived roses of very 
different colour, form, and size may excite the same olfactory image 
or f)!ractoiy judgment. The same holds of every other eensiblc quali^. 
A tone does not necessarily recall definite tones or definite auditotj' 
perceptions, nor a coloux definite objects. The individual quality of 
a centrally excited sensation is, therefore, by no means always guaran» 
Iced by the quality of the sensation which excites it The character 
of tlie reproduced idea has a range of variation pro|K>rtional to the 
experience of the subject. 

4. Sensations only obtain an individual significance when they 
enter into connection with one another or combine to form idea.<t. 
But not every connection (»sscwes an equally high degree of indivi- 
duahty. Thus the common chord of C-major, e^e — g — r', is but little 
capable of arousing an idea of entirely definite cliatacter. The ca- 
pacity is most strongly developed in cases where the sensations have 
a ivcnpora] or spatial arrangement. A very brief musical meti/, e.g., 
may give occasion to the unhesitating reproduction of a series of tonal 
ideas, and the idea of a human figure recall a definite situation of 
which it was part. We shall probably not go far wrong in regarding. 



8 5«. INCElfTIVES TO AND LIABILITY OF REPRODUCTION. 199 



individua] significance of spatial juxtaposition and teni]>orat suc- 
in as ibe princi|)ul tcason for the exceptional imptntance nttiiched 
them in the uaditional doctiinc of a^odation an<l Te|nodu>Ttiün 
67. 3). In thdr cmx, we L'ertainly do often dLscovcr an entirely 
individual dependenc/ of idea upon idea, and can clearly truce the 
influence of previous experience upon later rqiroduction. Moreover, 
it is duintctcriMic of spatiiil and temporal icilligalion thai its separate 
constituents have their indcjwndence ant! peculiarities emphasised, i.*., 
Ihe disiinctness of their apprehension essentially fuithercd, by com- 
UnuioD (cf. § 3. 4, and % 41). And lastly, it is only possible to 
perceive and to retain any considerable complex of sensations as a dis- 
lindit'C whole, when its components are contiguous in space or time. 
Snch a whole may be termed an 'intuition'; and we can understand 
•hy it is thai space and time are then designated the ■forms of 
intuition', under which our sensible knowledge is corajiri^cd. Bui 
it cannot be asserted that temporal and spatial ccill%aticinB ai« 
the only connections which condition reproduction. They occupy 
an exceptional position in the series of possible connections, simply 
because they present particularly favourable circumstances. Any con- 
junction of sensations in cousciousness can, however, function as an 
empirical condition of reproduction. Thus our o«-a instance of t)ie 
refxoduction of a visu:il idea by an olfactory- fiensation is a connection 
iA psychical sUtes which need not have originated by way chher ol 
spatial or temporal colligation, 

J. This brings u» to our first general result Seniaiiont, wAUi 
have at Km* limt b<tn logelhtr in (onidoafmss, etlabtüit a Uabih'lv «f 
rt/induttioa, so that when one of them is re-exdted, a sensation like 
the other (cf. § ig. 4) ordinarily arises. This 'being togctlicr" in 
cofudooBness, however, requires lutihcr explanation. It is not abM>- 
lutely necessary that it be conscious, i^., thai the conneciiim be itteU 
perceived; but the more nearly the sensatinns present in oonscious- 
ncM approach to a unit'irily perceived total imjirctsion, tlic greater 
is Ü1C liat>tlity of reproduction. This exjibins the fact th:it compar- 
atively few uf tlie largi; number of scn.^ations simiiltuucou»ly present 
possess or aci^uire a noticeable liability of reproduction. Here agaUi, 
spatial and temporal colligation has a di^slincl acK-antagc, i» that the 
cfcaxact« of its total impression facilitates the comprehension of m 
contents. And this is of itself sufficient to prove that liability of re- 
production can present very different i/fgrefs. We have found here 
(1) that its intensity depends upon the na/ntt ff Ihf ceitfuntttan or coii- 
Decttoa of sensations in consciousness, as making for or a|j;;uiixt a uin- 
^U7 apfuehension and judgment This unitaiy appiehciiMoii, however. 
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w furiliued by a number of drcumstanccs beside» (o) «iialinl and 
teTO]M)nit colliitaiioti Thus, (4) tho distance of the imprcNuons front 
cadi othei in itpare »nd time is of vtsy grot loipuriance. The great- 
est liability of lüproduction Is condiited with a direct contigtiity or, 
succession. Tliis lav hax been experimentally established by Ebbing- 
haiu. in his excellent investigation into the In«** of meroory for non- 
sense syllables, (c) The fiict that impressions belong to the same 
or to dilTerent sense depiirtments naturally inJhienccs thdr comprc- 
hensibility. Othei things equal, the conocctioa of homogeneous tm- 
pressiotia means a gicatci liability of reproduction than that of 
disparate. i,J) The nature of the siuroundirigs is to be ntentioncd. 
The more it dillcts from the group of contents, the easier will be , 
their unification, and the greater the liability of reproduclioo which 
it sew up. (<) The character of the temporal succession of connected 
sensations has an effect upon their liability of reproduction. It is 3 
famitiar experience, to which Ebbinghaus" experiments hai-c given a 
quantii;)ti>« definition, that impicssions which were received in a 
paiticukr order of succession can be reproduced very much more easily 
in this than in the opposite order. {/) The existence of a name 
for the «'Uiilc complex, or its independent reprodudivity, is naturally 
of great Importance for the interconnection of the separate constitu- 
ents and tlicir mutual cITeciivencas for central excitation. It is this 
which, in part at least, gives a special significance to the /Ai'a^-ideo, 
the idea of an oltjecl. Despite the complexity of qualities psycholo- 
gically contained in it, its liability of independent reproduction ren- 
der» the union and cohesion ol iliese clemenis very close, [{g) And 
lastly, individual differences of 'memory type" {fypn audiiif, vitiui, etc.) 
are of considerable importance (cf. §g 69. 2; 71.7).] 

6. (3) The degree ol liability of reproduction inherent in a connec- 
tion of sensations '» (urllier {lejxnident upon the atlribuUs o/the Mtasatiaas 
themselves, (a) The more individual llie quality u( the connected cun> 
tents, the stronger is the liability of reproduction of each by the Others. 
The simple sensation, which (as we saw just now) can occur in the most 
various connections, does not as a rule possess any cunsiderable 
effectiveness for central excitation. But more com])l)CAtcd processca» 
ideas, are often quite individual in character, and endowed with a 
correspondingly high decree of liability of reproducüon. A distinction 
has been drawn, in experimental investigations of the rapidity of 
reproduction, between Jrt* and coiutmiHfd asociations, ibc diirereace 
being in essential that of the degree ot defirutencsa of the C(»inection. 
Taking the rapidity of association in tliis sense as the criterion of 
liability of rc]>rudtiction, we find Üiat unequivocally definite, i.e., wholly 




TBS 7T7 -T.VO UÄSILITY Of RBPRODtH,TI0H. 301 

Üidividuat rC]>r()<luctioii!( are edected mottt quickly, while ambiguously 

«leaned reproductions, which have u tiinitcd range of variaiion, require 

«t longer time, and free repFOductiooE are the slowest of all. The 

Kmit of variation is set for a jiaTticulai experiment by a previous 

atatetnent of the kind of reproduction required. Thus a visual imjircssion 

-of colour can be made individually excitatory by tbc condition that 

-tSie observer names or reproduces in imagination the colour which 

lies to the left band side of it in the spei-trum. This arbitrary 

Ümitation of effectiveness for central excitation ia also useful u» throii-iiij 

tight upon the fortuitous defmitencKa of a lepnuluction. Th.it » given 

sensation »ctiiatly arouses one single conscious content, out of the 

many potsiblc, is not due tu anything in the scnsnlion itself. TTie 

principal reason for the detcrmiTiatencss of the reproduction is that 

all the other proccMcs present in consciousness combine to further the 

«accitation of the content in question. The result is, thciefoie, aU-ays 

tadlridual, even though the special incentives to it arc neither obvious 

at the lime nor discoverable by subsequent analysis. The degree of 

Uabilily of reproduction in these apparently free, but really constrained 

associatioiu is, however, not so hi;,-h as in the typi<.ally constrained form, 

becaxise tlic intensity of the secondary influences i» tlieir forluilous 

«OHsperatiofl is apt to be far leitx than that of a condition expressly 

kiposed, and because the influences themselves may cul across one 

another, i.i., tend to divert reprmluciion into difTcrcnt channels. 

7. (i) The degree of cfTcciivcncss for central excitation is depend- 
ent, again, upon the inttmily of the reproducing sensabons. Not only 
do the more intensive members of a sens^iticmal connection acquire a 
greater liability of lejiroiliictiuR, but the intensity and distinctucs* of 
the reproduced sensatioa are dependent ujion the intensity and dJs- 
liDCtDeis vX the reproducing. We do nut readily forget the time and 
place at whidi wc were '»o bitterly cold' or 'in such intense pain'. 
The authnrily of mvmy tcsidiers over their scholars is mainly due to 
the intensity uf the soiuid waves tMuing from their vocal oigons. In 
Fsych(>ph>'rical exj^criments we find that the promptness and certainty 
of judgment increase with increase of the magniiudc of stimulus 
difEcrence or uf the clearness of stimulus quality, etc. Here, too, 
belongs the fact that centrally excited scnaaiions as 3 class are leas 
liable to reproduction by one another than peripherally excited sensa- 
tions, and that the peripheral sensations have a much more prepon* 
^■-<I«TeDt influence upon coasciousaess. A striking in.ttance of the latter 
-Statement is alTbrded by 'Sinim|>drs case'. The patient showed a 
complete aiueslliesia of skin and inteniid organs, and his remaining 
senses were so seriously deficient that the entnmce of external stimuli 
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im«! consdousness could easily be prevcnicri. If under these circura- 
slanccs he was debarred from making any extensive tnovcmrnts (ultUou^ 
these agam did nol evoke scn^tLons), he iitcviiably fell asleep aßcia 
few Eoinuies. Since Sixümpell observed and described this case, many 
similar expejimenfai have been made on other persona with the same 
result. It in noteworthy thai StrOrapeH's patient came in time to object 
to the cx|)criment, becaate, as he said, there was 'nothing left of hiin.'(*) 
We could nut have a more ronvhicing illustration of the importance 
of peripherally excited sensations for ideation. — Evidence of the cotrreci» 
ne» of the general statement at the head nf this paragraph is fur- 
nished in abundance by our cvctjday experience, so that we need 
not spend time in substantiating; it here. 

8. [t) The Umpom/ and spaliai (harader of sensations affects their 
liability of reproductinn in the same way as intensity. We have found 
it to hold eisewhere, within certain limits, that the extension, duration 
and frequency of a stimulus arc psychological equivalcnis of its- 
rotensity (cf., e.g., § 17. 2; § i8. 7; g 19. 7). Duration and frequency 
are tif especial importance in the jiresent reference. The longer a. 
connccticin of sensations is continued in consciousness, the (fteater wQli 
be the liability of reproduction of its terms. And the frequency with 
which a connection is rqicatcd ha? a [irecisely similar effect. Wc- 
Htand for a long time looking at a famous picture, because wc wish to- 
be able to recall it In all possible distinctness of detail ; and we fix 
a poem in memory by ' learning ' it. »>.. by reading and repeating it 
over and over again. This influence of duration and ftcquency 
manifests itself in two ways, like that of intensity. Not only do llifr 
mure peruniTient and more freiiuenl members of a sensational connection, 
acquire a greater liability of reproduction, but the eff'ectlvcness of an 
impression for central excitation is proportional to the length of its 
stay in con.srinusncss and the frequency of its presentation to percqj- 
tion. It is tiue that ideation gradually becomes exempt frcim m<x!ili- 
cation by events of everyday occurrence, which sink to unconsctousnest 
or (in phvsii)K"igical language) affect only the lower centres. But it 
b prcciscJy when they have become automatic or rcQcx-ükc that the 
cffcctivcncÄs of these persistent peripheral stimuli for central excitation 
is moat certain and reliable.— The intlucnce of frequency upon liability 
of reproduction in the first sense of the term has received quantitative 
expression ia experiments by Ebbinghaus, A series of 7 nonsense 
syllables could be repeated witlioul a mistake after a single attentive 
perusal; a series of 12 had to be read over some 17 times. The 
tiumber of reacUngs ne^esMry for ac<:urate repetition increased at first 
[I] "Daim Un ich ja nicht mcbr <t>." 




hutckty, and aftcrwaids more slowly, witli incre;i.sc of the number or 
■^«llabU» comprised in a scries. The experiments show, further, th;it 
ihe length of a scries is inversely proportional to the degree of tiabi- 
Illy of reproduction of any one term by the next following, tt is 
inlcrcsUog to note that, when the series of syllables 'makes sense', the 
number of readingä aeceasai)- for learning it by hcut is reduced about 
lenGohl. Apan from the inßucrure of ihymc and rhythm (the words 
teamed were six stanxü» of Bynin's Don Juan), ibc increased liability 
of leprodudion under ihewe ciicumütanceH is mainly due to the deG- 
nlteness of the interciiniiectioii of the separate terms of the series. 

9. We h:iv« now )^iir\*cycd, with approximate completeness, the 
whole dom^iin of tntfiirica/ly incited rtprodutliom, ix., of what are 
usually termed simultaneous and successive association n. It may not 
be Milt» here to repeat our previous statement that neither the repro- 
ducing noi the reproduced sensation need be identiral wiih its empirical 
conditions,— that all that is required for its relation (o previous «en- 
satioitt b a similarity, in the sense of partial identity or of slight diifer- 
cnce. If we denote this similarity, as before, by the correlation of Latin 
and Creek letters, we can say, therefore, that a connection of the 
scnsatiotks a and b may be tlie incentive to the reproduction of 4 by 
a and of it by b, Ui that of ^ by a and a by b, or t<i that of p by 
a and « by p. Ni> accurate determination has been made of the 
influence of the d<^rcc of similarity upon liability of rcprncluctioii. It is 
Hardly necessary to enter a special caution against tlic coiifiwinn of 
Ulis tue of timilarity witli the meaning which it has in the phrase 
'association by similarity' (g ^9, 7). 

The second class of reproductions, besides tlie empirical, include« 
what we may call free rtprodneHons. We have already givxn some 
account of them (§ 29. 2, },). They ix)nKi.it (i) of spunlancous ideas, 
the reality of wludi is vouchetl for by intiiiiS]>e(-tion, and can scarcely 
be disputed; and (3) of centrally excited sensations which can be 
shown never to Iiave been tugcthcr in cunsdousnes-t with tlie process 
that exates them, an<I which arc not either simihir to any process 
which has been connected in the past with the reproducing sensa- 
lion. (1) The special conditions of spontaneous ideas have not been 
invcst%atcd, even where they might seem to be accessible to introspec- 
tion- Indeed, it would probably be difficult to subject them in any way to 
siystemaric experimentation, since they owe their very existence to acci- 
dent, and introspection can hardly be adequate to define tlieirpcculiaritie». 
On the other liand, otu con&idcialion of the matcrialsofrcprodudi'jnof 
tenirally exdtcd sensations will bring to light a number of more general 
cooditions valid for spontaneous ideas, as for all other similar processes. 
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10, (2) The second group of free reproductions embraces all those 
cases in which a new quality or a new complex oi qualities is elfect- 
Iw for central excitation. Our investigation of them is greatly slnpli- 

fAtd by the fact that wc may assume the possibility of their inclusion 

r under the general schema to which wc have referred the empiricalty 
conditioned reproductions. When we were formulating this, we found 
that not only nen^ations identic:il with those which had formerly been 
in consciousneiu, but nho Henvtlions which were similar to previous 
sensations, were tapable of reproducing one another. No other 
postulate is needed for free reproductions, as we have defmed them. 
They, too, arc shown by experience to be excited simply by sensations 

I similar to others which have been at some time connected with them. 

' No impression is absolutely strange to consciousness; every new 
impression, that is, will be somehow similar to one or more past 
experiences. To give cxplicitness to this aspect of free reproductions 
in our sdiciuit, we will use indices to denote simJIariQ' to the pro- 
cesses symbollted by our original letlcts. Let a,, «,, a,, be peri- 
pher;illy uxrjtcd sensatiobS, similar to a previously experienced sensa- 
tion a, und /l^, b^, b^ sensations related to an earlier sensation h\ 
and let a and p be the centrally excited sensations similar to tt and 
h. Then |t c;in be exriled not only by a or k (empirically incited 
repodiiction), but alto by «,. d,, a, (free reproduction); and a in 
the same way, not cmly by b and (J, but also by //,, A,, *,. Alt that wc 
have said of the influence of the attributes of sensation u]Kin liability 
of reproduction will now hold, with slight modifications which need 
not here be particularised, of these cases of free reproduction. Since 
centrally excited sensations show a less degree of qualitative differentia- 
tion tliaii peripherally excited (§ 28. 4), it is not surprising that the same 
« or p can he reproduced by a whole number of discriminable peripheral 
imprewion«. Moreover, it is not impossible that <» be transformeü into 
«n «1. Of ; and it can then happen that the same* reproduces different«. 
This is tlie more likely, as the total surroundings of a centrally excited 
senKilicm may exert an influence upon its character (§ 30. 5). 

11. The degree of similarity which must or may be assumed for 
the occurrence of a free reproduction cannot at present be estimated. 
But it seems indubitable that a certain similarity must exbt between 
the effectual incentive to a free leproduclion and other previous expe- 
riences, related to the centrally excitable processes in question by some 
liability of empirical reproduction. For when once this similarity 
sinks below a certain (not definable) lower limit, what may seem to be 
the occasion of the appearance of definite reproduction» j>rt>ve» not 
lo be their actual incentive. Instances are sufTicicnllr common. 



S 31. MATERIALS AA'ß UDELITY OF ItEPRODVCTlOS. w^ 

I tcqoaicd la obiCTVcr to lonk Into > ipcctroMopc, tritli the remuk that lie 
woold Me nolet, wheo. u » mailer of Cicl. oaly ycllowüh green wu Hiiblc. He 
M. Odce MjiMd Üul be uw bluith |;rccii. but immedialely coiitcled liimiicif. uid 
(iccUrcJ ihtt It «u jreUowlsh )>iem. The InccnliTe 10 reproductlnn la the indg- 
Htcfit 'bluUh ptcn* wax tcrUinly not oidiuively Ihc yellowlih gtcen ocliuitly wen; 
the diSnencc bclvcco the two ooloiu Ion« It too considctahlc Im the lune 
«pccvSc nunc lo be teptixluced by them. The Jndtinient, then, wu plnlolf due In 
pan to the pteccdcnt ium;cttlnn of 'vtalet'. 

Tha distonion of recorded judgment in conscquenoc of subjccttv« 
prepoMCOJon or other circumstances, is not infrequently noticeable 
ia psychoph)'sic3l experiments, and constitutes another reason for tha 
einf)io)incn( of trained and careful observers (§ 2). Many illusira- 
dons ue afforded, also, by the phenomena of ihc TccoUcction of com- 
plex proceases. It is, of course, doubtftil how far the jud^-mcnt of 
the ob^ieri'ii^ individual may be regarded as an adequate <:r!lerion of 
tbc effecti^-ene» or .tignificanrc of a xennalion as aii incentive to 
reptoditctiom. Certain cuks of ')>pontuneou.t' ideation may, [lerhaps, 
be referred to empirically incited or free reproductions; the rcidly 
exdLitory sduation* or idea» having escaped c^ilion or recognition 
a^ incentives to reproduction. Wc have seen that recognition is by 
no means alwa>-s reliable (cf. § 27. 7): so that the hypothesis is not 
altogether improbable. 

S 3I' Materials of Reproduction and Fidelity J 

of Reproduction. 7 ^ 

I. Tte materialH of reiiruduction cim.ititute thft fiMtUlt bub flf ^ 
the dogmatic belief which we rcrerred lo above (§ 27. 1), that the 
memorial attribute, rcpmductivity, alwayx imphes a repetition or revival 
of a previous perceptioB. Experience Keems to justify the inference 
that then would be no ccnttally excited Kensations, if there were 
none peripherally excited. But the pioccss of reproduction is noüiing 
so simple as a mere renewal of a precedent excitation. Wc have 
aeen ffi 28. 5 ff.) that recollcclion, for which this hypothesis was 
thought to be nei-c^aary, is explicable without it. And iheie is at 
present no proof that tt accords with llic facts (§ 27]; wliile there 
are vcrj* definite indications that centrally excited sensations are not 
komutablc weaker ro)>ies of earlier (wripheial sensution.'i. (i) Pint 
awl foremost of these is the Eamiliar phenomenon oi for^lfmltua, 
We 'fctfget', when we are incapable of recollecting an experience. 
This tncapacUy need not depend upon an abrogation of 'memorial 
iDages': lecolleclioD b an ambiguous term (§ 27. 9). For us, how- 
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ever, it is »nly InicreHÜiig wlien really bas«d upon an alteration o- 
ihe centrally excited senKilions themselve». 

3. There can be n<i doubt that i-<nnt>lcx impressions undergo 
alteration of this kind. Ps/cholugists have oRcn descrilxxl the breaking 
t-dowQ of ideas, their bding away, their passage into vag^ie and bluned 
{•contents. These terms certainly do not express a met« u-ealLenJn; 
of tlie same impression: they denote a concomitant, more or le» 
radical change of its qimlity. But simple qualities also lose tlieir 
individuality, in this pioccss of forseiiing; fine shades of difference 
become incognisable, and fusion with oilier quuUties tak» place. 
There results what we may call an abssratt idea — however dubious 
die term may seem after Berkeley's trenchant criticism. It would, of 
couree, be wrong to assert tlie possibility of an abstract idea which 
had absolutely no specific characters, no quality, no form, etc. But 
there imdouhledly are ahitiilct i<]eas in die sense of centrally excited 
contents which can call up a large number of periphciaUy excited 
sensations, i>., which lack the dcfinitcncM and distinctness cbaractctiadc 
of theitc latter. They have peripheral analogues, which can be pro- 
duccd quite easily under suitable experimental condition». If a colour 
stimulus, e^., t* allowed to act upon d\c eye for a brief instant of 
lime, what is seen is no mote than 'a flash of light', which it is wholly 
impossible to define furtlier ; if the duration of the stimulus is some- 
what increased, it is cognised as a colour tone, and not merely as 
brightness, but its quality may be quite wdcly misUken. ».*., it may 
be very diifcrcntly interpreted. This want of indUidual clearness is 
found in all centrally excited sensations whidi fall a prey to the 
change involved in forgetting; indeed, in a certain measure. It b one 
of their regular atiribulcs in Uie nonnal consciousne^. And it is this 
which wc mean when v,-e speak ofan 'abstract' idea. The importance 
of the process for l!ie formation of conctptt is obvious (cf. S 29. ?). 
3. (2) There is another fact to mention, besides tlial of forgetful ness, 
ttn evidence of the independent variability of centrally excited sens^ition«. 
■It is, the manifold influence exetted uj)on them by other conscious 
contents. Here again, complex impressions show tlie clearest traces 
Lijf central modification. New cornbinations are constantly being formed 
ijunong reproduced processes: connections are severed, and separate 
ideas connected; elements an exchanged, and forms remodelled. 
The pranks o( the dream imagination furnish a sufficiency of striking 
instances. But simple (jualiti«»! do not cither remain unaltered by 
ihcii new connections; they adapt themselves more 01 less to theit 
changed significance ; and the result may be, that a sensation of really 
peripheral origin, which at fiist imprinted a cleai image upon our mind. 




5 Ji. tUTERtALS AND FIDEUTV OF REPRODUCTION. »7 

Is belbet'ed to have never formed part of oui previous experience. It 
ix ubviitiLsl)- dilEciilt to bring cxamjiles; but careful mtiüS|>ccti<>ii will 
liiudly fiul til reveal cases of tiie kind. They cast no doubt, hou-ever, 
upon llie general dependency of centiaUy excited on preocdent peri* 
pheially excticd sensation». The congenikitly colour blind have no 
idea of the colours whJcli they do not see; and the de:d*routc who 
lias never spoLen or lieaid has no 'images' of speech or hearing, 
The convene fact, that the child who is acridentally blinded in the 
fiTBt ycara of its life retains ccrt^kin \y>Ma\ i<lcns through manhood and 
old age shows for how long a time the after cflccts of peripheral 
excitations may be reproduced with some degree of ßdclity. In what 
follows, tbeo, «e shall attempt to enumerate the conditions of this 
fidrUty of the memorial image, meaning by 'gicatcr' or 'less' fidelity its 
greater or lesa amilarity to the peripherally excited sensation upon 
whkb it appears to be directly dq>ondcnt. Connected with this is, 
probably, tlie greater or less facility of the particular reproduction, or 
(to use another phraaeolc^y) the degree of our prcparedne^ or disposi- 
tion Cm certain ideas. 

4. (tf) Tltc first of these conditions is tlie gaality of the peripherally 
excited sensations. The more widely a peripherally excit^ sensatioQ' 
differs from sensations already experienced, the more nearly will its 
reproduction resemble it. This proposition is plainly analogous to 
that which we formulated above ^ 30. 6) with reference to the degree 
of liability of reproduction. We (here found thai individuality of 
character of the sensational connection (»>, a slight degree of liability 
cA confusion with other connections) carried with it a comparatively 
high degree of liability of reproduction. Here, in the same way, the 
distinctiicns of a quality, its sufHcicnt difTcrcncc from Other qualities, 
imptiei that the centrally excited sensation which it originates has 
but slight tendency to vary from it. A ' striking ' impression leaves a 
true image of itself in memory. Connected with this is the fact that 
qtialittcs of the .same sense nm but little rutk of serious alteration, if 
they ditfer considerably among themselves: jMessure and temperature, 
t^., or the spectßc qualities of taste, or sensations of brightness and 
«ataialed colours. Where, on the other hand, the qualities are closely 
related, pasüng into one anbthcr by gradual transition (green and 
greenish bhK, or tones of nearly similar pitch), the centrally esdted 
•ensations possess but little fidelity or pcrmanesce. {b) tnUnnty has 
an cAect upon these attributes. The more intensive a peripherally 
excited sensation, the greater is the fidelity of the corespunding cen- 
trally excited sensation. It i.t an everyday experience tliat, otlier things 
equal, memory is more retentive of intensive than of weak imprcasiona 
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»Ivatever tliL-ir cliararter. (c) Tile Umfiorat and spalicd character C 
the pcriphcnilly excited sei».ttIon exerts a siinilaT iiilluencv. Wid* 
extension or peculiar furm increases the reprociucliviiy of « quality 
The effect of duration and frequency upon fiilelily of recollection is 
well known. Every lesxon that we l«iin shows the importance of repe- 
tition for the nttcotioiTora memoml image. And apart from iba 
in tens ill cation of the liability of reproduction which occurs in 'Icamin);', 
an impression will 'fix itself' better in the mind, when its imprint b 
the result of repetition. In practice it is. naturally, difficult to separate 
the tu'o processes. Ebbinghaus found by experiment that the capacity 
to reproduce a scries of alicnlivcly read nonsense syllables increased, 
within certain limits, in approximate proportion to the aumbei of 
repetitions. 

J. No other systematic experiments than these of Ebbingliaus 
have been made upon the dopendeiicy of 6delity of reproduction on 
the characwr of the periphenilly txciled sensation» which re|>r»dui:tion 
presupposes. Wc have valuable resc;ircties upon recognition luid ^iirious 
Lfiinctions of memory; but they all deal widi sonielhing «[uitc diffcrcnl 
Rtwm the laws and processes who^e outlines we have sketched in th« 
present discussion. Thus, the experiments of A. Lehmann upon direct 
and indirect recognition tell us something of the permanence and 
degree of liability of reproduction in (liferent cases. It was found, 
^^., that those brightnesses were best cognised which possess definite 
^liumes (light gray, dark gray, etc.); that only 7 p.c. of;itaige number 
of judgmenU of 62 difTeieiit scents showed a direct re< ognition in its 
^ure fiimi, etc. But to :is$umc that in all cases, where a sensation 
\B of peripheral origin is to be judged as like or unlike a previously 
experienced sensation ^, <? 13 compared with the memorial imag« of 
b (in our terminology, fl. and the relative certainty and corre^tnesa 
of the judgment depend upon the fidelity with which p reproduces h, 
is to act up a hypothesis which, so far as wc have been able to 
ßnd. docs not really express the facts. The judgment 'like' or 
'different' is gcnetnlly passed quite as directly as the judgment 
•known' in (technically) direct recognition. In neiOicr case is a com* 
parison instituted with a centrally excited sensation,— the quality of 
which, moreover, in the sphere of brightness sensation, is usual!/ 
very difTorent indeed from the quality of the peripheral excitation. 
If we reserve the term 'indirect' for comparison mediated by repro- 
duction, or involving any other conscious application of empirical 
^^teHa, thit particular fonn of recognition must be referred in most 
pCMCS to a direct comparison. Direct comparison occurs, again, in 
experiments upon sensible discrimination for successive stimuli, which 
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bM alio been wrongly intcrpictetl to con^Lit in tb« £oniparisoD of the 
piflMnt in^recMon mth the memorial inutgc (all ttuit ü left) of the 
|Mwc«ding. This view explains the time «nur of the experiments 
(cf. S 6. 9) as due to the natural weaknoHt of the mcmotial inuig« in 
comparison with Iho vividness of the sensible itnprcasioa. But if the 
explanation held, the error must be least with weak and greatest 
with suong stimuli, and ^ways take the saio« direction. The iaOt. 
an othcfwise. It is only with weak stimuli that the time error has 
the siginificaiHie which tlie ihcory ascribe« to it, tjt., that the second 
imprenion appears the suaiigcr; it then decreaaes, and witli very 
■bong Miiauli changca its diicction entirely, so that the second stimulus 
actualty appears the weaker. It follows, therefore, that there is no 
■piediation of a comparison by the memoty image, but that judgment 
Is paoed inuDediatcly after the perception of the second stimulus, 
just 03 in direct recognition. 

6. It seem^, therefore, that neitlier Lehmann'» experiments upon 
recognition nor tliose of Wulfe (carried »ul by quite »tmilar methods) 
upon tonal memory can tell us anything of tlic fidelity of centniUy 
excited sensations. The ju<Igmcnt» arc passed altogether independently 
of tticm. Wc have rather to explain direct comparison and direct 
recognition somewhat as follows, (i) In many cases, the direct form 
ifi a derivative of the indirect. The transformation is due to tlie 
working of a law of txehiion of intermediate terms, which pLiys a 
large part in tlie determination of ideational connection in general. 
It may be formulated iit thi» way : when a simultaneous or successive 
conoectioQ . of three contents, a, 6, and r, has csubllshcd a liability 
of reproduction between a and e, e gradually comes to be excited 
direalyby a, without the intermediation of b. This 'short cut' 
thtoi^ experience is of immense importance both theoretically and 
pcactically for the rapid advance of knowledge. And wc have an 
i iHt an c c of it in the passage of indirect recognition and comparison 
into the direct forms. (2) 'Like' and 'different', 'known' and 'ua- 
kiMwa' arc all concepts of relation. They can never be predicated 
of a content as such, but only of it as related to other contents. 
As, houcver, no other contenls play a conscious part in direct com- 
parison and t^^cognition, we must imagine that equivalent physiological 
process«, act at present definable, combine witli tlie perceived 
UnpKMiQO to leproduce tlie judgments. In other words, we haw 
always to presuppose the co-operation of a central excitation, which 
xoaif cithd be already present when the stimulus of comparison is 
given (as in anticipated and purposive recognition or comparison), 
or is excited by it (as in unanticipated recognition and comparison). 

14 
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Tliis centra) excitation need not be a Tcsiduutn of the sensation can 
jby the standard stimutus or object of reference; it may be the eqtii-' 
Fvalcnt of other contents subserving comparison and recognition. U 
will, therefore, bsrdly bo disputed that esperiments involving an i 
tlionai comparison of a given impression with an impression pcevio 
cperienced can tcU us nothing of the fidelity of raemorial iraa 
It foi the most pari simply indicate the liability of reproductJoa exist- 
Dg between sensation and central excitation (the after effect of the 
Impression or of any other indirect criterion) on the one 
hand, »nd a particular judgment on the other. 

7. On the other hand, these experiments, as well as certain seriec 
taken by Ebhinghaus in the course of his investigations of memoiy, 
nay be appcnlcd to for information upon another point, — the influence 
of ft»M (I.e., of the time interval) opon the liability of reproduction. 
We know from experience, that ate longer th« tune which has d^Med 
since a particular event, the more unceiLün and Encoirect la our recol- 
lection of it. It is with this law and its exact formulalion that ex- 
periments upon recognition, memory, etc., are principally concerned. 
If we term the weakening of recollection 'forgetliilncs*', and meamire 
foigttfu1ne»a eiiUei by die work necesKuy for the comptete restitution 
of the recollection, or by the number of correct judgments formed in 
the process of determinate recognition or direct comparison, we may 
[say in general that forgctfulncss incrcasca at first quickly and then 
more slowly. Ebbinghaus and Wolfe disco%'eTed a logarithmic relation 
for it, which is stated by the fonn&r as follows : the quotients of 1 
tion and forgctTulness (of the time saved in and required for rele 
ing) are inversely proportional to the kigarithins of the times 
since the first learning, ['j This agreement in experimental resolls show« 
lelearly, as against tlie \':Lrious opinions of philosophical psychology, 
that forgetfultiess really exists, and that its existence cannot be invalS* 
dated by the allegation (supported merely by an indefinite 'expericnccT 
that what seems to be forgotten only needs the right occasion toj 
reappear with entire fidelity. But nothing can be inferred from th^ 
cxpcrimcnu as to an obscuration and weakening of loomorial images, 
or a oumbling of their connections, for llie simple reason that these 
'Images' are neither the materials of judgment in direct comparison 
nor the necessary incentives to motor activity In subsequent repetition, 
Here again, we must rather empha«i!^ethe \■mt^y of the processes actually 
Involved, as we dkl before in tlie case of recollection (g 38. % 
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i 83- l^e General Conditions of Centrally Excited 
SensatioQS. 

I. (t) The moot important of the general conditloox of reproduction 
k, untUiubiedly, the »tnte or alUnlion. Unr»itun;itel}', its .-lignittc^nce 
for vpedal acts of recollection, repnxluctioD, etc., \vm sot been tho- 
rodgbly made out. Wc do not know, in particular, how fai what' i> 
ordinaiily called 'association', and what we oursdvc« have somewhat 
inconsistently tcnnod reproduction, can be brought about without the 
co-operation of attention. We find, however, that its action U two- 
fold: it renders the incentives to reproduction more effectual, and 
g^ves the materials of reproduction a greater comequence. In nthef 
words, it enhances the attociakilily and rtprodutitvity of aen.tation^ 
Instances of this influence are sufEdently common: all the rules which 
we have bid down for the special conditioning of centrally excitad 
wosatioDs arc based upon the implicit assumption that the processes 
which Ihcy cover are experienced in the state of attention (cf. S 5> '• 3)- 
Hence it is impossible, at present, to say with any degree of cer- 
_Uinty, how assodability and rcproduccivity would be affected if we 
Blncted from the influence of attention. Tliat it ia not the only 
adition operaiis'e ia indicated by two sets of EacU; (a) the familiar 
ace of 'not catching' a question, and tlien recollecting and 
being able to answer it :iftcr some interval of time, or of 'ovülook- 
ing' a conslitiKint of the field of vision, and yet reproducing it with 
more OT les« fidelity; and {b) the impossibility of the reduction of all 
Uic difiercnt cfTecIs of the special conditiona of centrally excited scn- 
tations to their effects for atlcnUun alone. In any case, however, it 
it desitabk to collect obscn-ations, and if possible make special cxpe- 
timcQts upoo a point of such importance for the theory of centrally 
txdted sensations, t It is certain that the influence of attention can 
lurdly be exagf;cratcd. Everyone knows how little the inattentive 
rt|>etitiou of a lesion does for its retention. Fecbner observed that 
Ihc mtmerial afttr-magi, as he called the voluntary reproduction of a 
reccbtiy perceived impresiion, nnly apfieared if the object of perception 
had also been the object of attention, and only contained tho«e con- 
stituents of the perception on which the attention had been particu- 
Urly directed. In psychological experiments upon association, again, 
it b often remarked that the associabiüly of two visuid objects which 
ace perceptible together for a short time b essentially dependent upon 
Um degree of attention vntb which the connection of the impressions 
«TBS regarded. We cannot here enter into the special factors oomprised 
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UDdcT the general name of sneaiion: we shall treat of them in tbe- 
third Pan or the book (SS 7' &■) 

2. (3) Besides attention, firaetite and /atigut have a general influ- 
ence upon assoclabiltty and reprodnctivity. We discriminated above 
between genenl ud spcda) practice and fatigue (§ 5. 9), and can 
apply the distijictioa aguin in the present connection. The (acts vhicb 
belong under this rubric are those of the 'trained,' 'overstocked,' 
'worn out,' etc., memory. The more general practice we have had in 
learning by heart, the eanier is oiu retention ofa particular lesson; bat 
dtfTerent qualities and difTvrent arrangements require a fiuthd and more 
speciaf practice- The various ' types ' of memoT)-, memory for names and 
figures, for colours and tones, etc., are in great measure referable to 
special practice in these classes of centrally excited sensations, itsett 
due to inclination or opportunity. The schoolboy who whistles every 
melody that he hean docs not thereby improve bis memory lor 
colours or forms, words or odours. The various types of sensible memory 
(§ '0> 5) Tcquit^c altc^cther individual development, just as physical 
training can be exclusively directed to a particular part of (he body. 
It is the .lame, again, with tlie influence of fatigue. The general 
relaxation which we eKi>enence after a sleepless night weakens asso- 
dubility and rcproductivity in all sense deparnnents alike. But the 
fatigue of memory produced by persistent occupation with a p>aiticular 
object need not extend to other objects; indeed, it may change to an 
undiminished vigour, when attention is turned to a wholly different 
complex of processes, dependent upon other condiiiotu. The more 
extensive the draft made upon the sensible memory by a given 
occupation, the more general is its consequent fatigue. Mental work, 
which involves the racist diverse conscious processes, is, ihctcfore, 
productive of general fiiligue. It is again impossible to .'iay with 
certainty whether these processes influence associability and reproduc- 
livity dirccUy, or only indirectly, i'.^., by way of attention. The 
abnormal increase of central cxtitability at a certain slage of fatigue 
(evidenced by vivid dn:ams, mullipiicalion of illusitins, etc.) seems to 
indicate that the diminution of associability and rcproductivity resulting 
b-om fat^uc docs not affect the central sensations themselves so much 
as the arrangemeni, connection and direction which are normal to 
tliem under the guidance of voluntary attention. An analysis of the 
influence of practice leads to a similar conclusion. We must, there- 
fore, suspend judgment upon Ihc question whether practice and 
fatigue are conditions of centrally excited sensations co-ordinate with 
attcnti<ni. 

3- (3) The same holds of the fitlinit of pleasantness and unpleas- 
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«otness. We caa, it Es true, lay (town the general rule that the aaso- 
«labitity and reproductlvity of sentatiODa aic grcttcr, the more virid 
tiie feelings connected with them: ba( we cannoi say vrith cotainty 
whether a direct functional relation obtains between feelings oo the 
ooe hand, and associabiltty and reproductiviiy of centrally excited 
•eoaations on the other, or whether the feelings arc simply conconü- 
tant processes, implied in evciy high degree of atteotioDal ooncentratioa, 
and in that way acquiring an apparent influence of their own upon 
association and reproduction. It must, consequently, remain doubtful, 
whether the feelings which accompany, t^., a peripheral fanprentoa, 
are themselves the oondit!oas, promoten, or mediators of Its influence 
upon the train of ideas, or whether the increase of attention which an 
affectively tuned impression regularly commands is tlie really important 
factor. Tlie facts are familiar enough. Pleasure and interest in an 
object increase the capacity of memory both in the child and in the 
adult, and unpleasant impressions leave a deep imprint and arc recalled 
with great fidelity. The influence of the two qualities of affective tone 
npon the reproductivity of sensations would seem, therefore, to be the 
same. Their effect upon associabilily, on the other hand» is difTcrcnt, 
pleasantness being a decided incentive to association, and unpleasant- 
ness a hardly less decided preventive of connection. A sen^tion of 
ationgly unpleasant tone elbows its way into consciousness, so to speak, 
and leave» no standing ground for other ideas. 

Tbe coosl iadrllblc inprNsion of meluidioly wlueh I recdvcd data a riiit to 
a loiMlic uylom <Kia msde by ■ middle-aged vonisn «fflicl«! with mrlantlkolia. 
Slw nl molioole« upon « duir, ber feRCnre« w««rioe a look of inMixe »adneM 
and bitumeu. her head rank. Xhr eye» sr«niiD|:t)r liied upon the one in<n'l»ble 
boiTOC which the «raid nol tren namr. Bui iniUnccü ore nol wauling in orAmnry 
Ufp. The monmer prefSTB to dwell upon hi) grief in sotitu'tr, where he i« not 
cmiptlled to ftniKgU againtit exciting impreMiouH. Imt cso nurtahU mttow unbln- 
dcred nMil the apeU ii broken by a «aliitary eKhaiution. 

Pleasurably toned sensations show somctliing of the same character. 
A very intensive feeling of pleasure may bring about a tcmpomry 
pai^jsis of consciomness, tliough the condition lasts only for a very 
short time. As a general rule, however, pleasure means communica- 
tiveness and enlivens the course of thought, hurrying it from image lo 
image, from scene to scene, from action to action. The flight of ideas 
in mama, due to an excessive cheerfulness of mood, is thus the predse 
opposite of the insistent brooding of mtlaaeholia. 

4. A question of especial importance in this connection is whether 
the feelings of pleasantness and implcasantness may of themselves 
determine the cout% or the quality of a train of ideas, i.t., are to be 
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relasud among the processes directty sub«en-iiig ideational excitatioiu 

'it is generally held that the asxociability and teproductivity of ascn--^ 
cation «ic modified by its attendant feelings, but that these cannot be ^ 
looked upon as independent causes of reproduction. It is, again, | 
hardly possible to decide the matter at the present lime. Bui there 
lie certain observations which point to the necessity of the recognitioD 

[of feeling as a leal incentive to reproduction, (a) It is an ever^-day 
experience that a cheerful impression recalls other cheerful impressions, 
and depressing circumstances others like them, (^) In mania and 
meliindiulia the predominant moi>d (pleasure or pain) detennines tbe 
course of the train of ideas; nothing is reproduced which do cs no; 

ketand in connection with the affective disposition. 



Tili* fxct üinwcil itteir very slrikiiigly id a case i^C hnshiili poisoning wtiidi I 
bill upiKii lit oily to obtcive. The emotions of the niomcni >c«med to \a.-n lumpnl 
the actual dtiectioa of the coime of ideas in consdousness. The patieni tis not 
■t all iDcapadlate<l far intrnspeclion, and his subsequent recoIIectioD of the deluh 
of hix ca«e wju very nccumte. He bim&elf noticed and emphasised the importance 
of the BirKtlvc ditpoiilion. The eldtcmeat under which he gcnenlly labonced 
{■W OCCUfon to a whole icrici of innre f>\ lets incoherent reptoduclion«, Mi^iwl* 
ii^ (u he caid) amply and solely Ja the ailcclivr slate. Fits of depretninn and 
Inltivalii of keen anxiety, by which It waa Interrupted, immnlialely changed the 
eoime of th« ideational movement. The obiervation ia, of course, by no mewu 
Liucqolvocal. For (a) we might onalyie thii 'reproduction by feelini; ' ai we have 
dy aaalyicd ■ooociauoa by «milarity'. It might lie rerencd, in particular, to 
the category of reproduction mcdinted by rebslitulioa (cf. § 29, 6). In ihit 
event, feeling would undoubtedly posseu ui importance of its own for the otigin- 
atioo of centrally excited leoiatiom: it would be the pcnislcnl ideniiol element, 
which UOIUCI o new idea wKok limiinr has pieviouily been together with it in 
conicjoiuncu, and whicb ii thiu the teproducing factoi in tbe complex. But (^ we 
might also imagine that not the fceliogi; but tbe moconütant movement» which 
■re 10 accurately adjuslrd to eipre« than, and which arc correlated with deüojte 
organic seniBtions, were the rcproduclory ngenti. (y) Both eiplanalioi)* umne 
that the reproduttioQ wa» not effected by way of some secondary character of 
•CDMtioa or idea; bat the ctinectneu of the atsumption ii not by any mean» mtIiüii. 

. 3. .(4) Lastly, there is to be mentioned tlic dependeticy of centrally 
excited sensations upnn tlie uiül. By 'will' we understand here not a 
n^w elementary quality of consciousness (the evidence for which we 
»hall discuss in § 40), but what is called 'will' in the language of every- 
day life and of modern psydiology alike— the capacity which the 
individual possc»es to deletwine his own attitude and action, internal 
and cslcrnal. Wuhdf Has shown that will and attention are intimately 
related, and has employed the tcim apptruptio» to denote their com- 
mon constituent. Wc cannot now enter into the details of the appci- 
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ception controvcmy: it is sufficient for our puqwse to point out that 
appdccptJon itself is obviously not a speculative construction, or a 
meiaphji^cal faculty, or any other of the objectionable things whidi 
IwMllle aJiks have r^nrescntcd it to be, but an expression for undeniabte 
&ctB of coDsdouBDesa. If we (CiA not poascss__lhc cajjaeil^ of wU I or 
attentioD or apperception, whichever we call It, coiudouäneiu would 
be at the mercy of external impie^sions (which we have found to be 
orfjin^ily stronger tlian any class of reproduced sens:itions}, thinking 
would be made impossible by the noisiness of our surroundings, etc. 
The normal individual must, therefore, be able to open a free path 
lo certain ideas and movements, while he inhibits certain others; /.#., 
to determine the direction and character both of his thoughts and of hLt 
bodily movement. But the question as to the influence of this capa- 
city, will, on the origination of centrally excited sensations, can hardly 
be answered without a more precise statement of the juarticular pro- 
cesses compiised under the general name, and a more concrete defi- 
nition of the name itself. We may, therefoie, briefly remark that we 
reganl the activity of will as the expression of the totality of previous 
experiences, in alt the <l^rrecs of autliority and ooiwequencc which 
they have acquired in accordance with universal psychological Ia«-s, 
and with all the weight of influence which distinguishes the old and 
proven bom the new and strange. It is for the most part but a small 
and fragmentary measure of this that hnds its way into consciousness: 
tlte reserve of energy which gives cfEcacy to will lies below the con- 
scious limen. Even tliis short account (the detailed invesligation and 
exposition follow in §§ 40 and 77) will be enough to put it beyond 
doobt that will~;^__capacity which sums up in itself the whole course 
of tDdividual dc^-clopmcnt— must be a condition of exceptional import- 
ance For thiT^UTsc of centrally excited sensations. As a matter vk 
fact, we can by its assistance reproduce an idea ot suppress a repro- 
duction or divert associabilily into a definite channel. The product 
of voUtioD b, of course, not a creation out of nothing, though it may 
sometimes present this appearance to introspection, when the particular 
determinants of will and of the ideas willed d» not emerge from the 
limbo of the unconscious, of physiological processes. This bare state- 
ment must suffice in the present connection. We need only add that 
what are called the mtnlal diiposifions [logical or mechanical memory, 
inductive or d^uctivc intellect, receptive on constructive imagination, 
talent, etc.: cf. % 59. 6] may also be looked upon as ultinuite general 
conditions of centrally excited sensations. They, too, are force», which 
appear in the course of individual development, but which are only 
fragmcntarily accessible to introspection; though the name is further 
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uited u> indicate special inclinatioo for certain classes of [ntemal anil 
external activity. Wtictlier they require individual mention, ovcx aiid 
above the special conditions, ia a qu»tJon which it ia impossible to 
answer. 

S 33. Theory of Centrally Excited Sensations. 

). There are three considerations which convince us that the 
conditions eniimeratcd in the two previous sections do not constitute 
an adequate theory of centrally excited sensations, (i) 'Sponuncou«' 
ideas cannut be explained by any of the special condition« hitherto 
formulated. For they are distinguished from other reproductions by 
the abasDce of a consdous incentive to their aromal; and all the 
OooditiODS which we have mentioned ha\'e been expKdtly gained by 
abalractlon from introspection. {2.) The process of direct scasattonal 
comparison shows tliat the dependency of reproduction upon precedent 
conscious impressbns must not be interpreted to mean that tlic 
origination uf centr^üly excited ideas is the exclusive function o( 
pcriphcial stimuli whose effect is discoverable by introspection. This 
and many other inxUmces of 'unconsciously' mediated reproductions 
prove that our 'special conditions' (§ 50) are not absohitely neccaBiy 
presuppcsitions of centrally excited sensations, (3) And the last few ». 
decades have fairly overwhelmed psychology with cases of pathological 
derangement of memory, association aitd reproduction, in a fauge number 
of which direct anatomical and phydobgical distutbance« have been 
demonstrable, while tlic general character of all prc%-cnts tlieir 
explanation in any other way. If we refuse to admit the validity of 
physiological interpretation, we shall be compelled either to giv« up 
(he facts as enigmatical, or to talcc refuge in metaphysics or mystidsnt. 
In neither event is justice done to the scientific problem. We num, 
therefore, face the consequences to which these fads lead, although 
we can only state them in outline. 

2. Disturbances of memory arc of very various kinds. We may 
classify them under the heads of gtntral and spedat derangement. 
The former illustrates the effectiveness of the different materiala of 
reproduction of centrally exdtcd sensations ( g ji); the latter serves to 
expbin and elucidate the special conditions of reproduction ( g 50), Ge- 
neral disturbances of memory' are not limited to any single sense depart- 
ment, but bring about a diminution of recoUective capadty in all. 
This diminution nppeant under normal drcumstanccs with advancing 
age, and runs \\s course in obedience to definite laws, 
the newest impressions arc t* most easily forgotten; tlten the 
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or ideas gradually disappears, in tlic order from more recent acquisi- 
tion to more remote. The subject's vocabulary is also narrowed in 
3 peculiar way : substantives arc forgotten more quickly than verb* 
and adjectives, proper names more quickly than common, concrete 
.lenns more quickly than abstract. Ail these stages of forgetfulness 
appear also tn transient or permanent deraDgemcnls of memory caused, 
by violent concusiion of the brain. The facts tell us nothing 
F: they are simply fresh inslanceit of the special and general 
conditions of centrally excited sensations which we discussed above 
( S§ 30 — 32)- They are especially indicative of the influence of 
frequency of reproduction, the individual significance of the impression, 
attention, etc. There is, howe^'cr, one point which, tf not explained 
by Tefcrcnce to attention or fatigue (and the explanation is doublfu]), 
takes us at once to conditions not accessible to introspection: the 
point that ,itt_o]d age the latest and newest impressions are worst 
reproduced, while in childhood, other things equal, they have the 
sdvaDtagc owe all others. We will group these conditions together 
under the general heading of a retardation of nervous processes 
correlated with decay of the organic functions. The retardation, 
iriiicfa may depend upon a reduction of metabolism, must ubviou&ly 
L^c greatest where the excitations are following wholly new paths, and 
^MäU gr^tdually alTect more accustomed processes, inhibiting always 
^^pat which olfers tlie least resi.ttance. 

^^ J. Aaothct instance of general derangement of memory is furnished 
by the phenomenon of double consciousness or the divided self, 
obscn'cd in cases of hypnosis, hysteria, etc. It is characterised by 
the existence of a more or less complete separation of two aggregates 
of ooosdoiu processeft, which alternate at certain intervals or can be 
caDed up in irregular senueiice by övourable conditions. The two 
aggravates are oftenti)ne.t «f entirely opposite character. An indi\-idual 
whose behaviour '■» normally serious and decoroat shows himself, in 
his new drcle of idcaK, frivolous and bnpudent. The 'two minds' 
sacceed eadt other without conflict; ftequcntly they know nothing of 
each other. AH those factors in the mental and physical attitude 
and conduct of the individual which we call conscience, taste, 
principles, etc.. socm to persist in the one self with unchanged inten- 
sity and animpoiicd influence, whQe in the other they are cither 
destroyed or transformed into their opposltes. We die these facts 
to the present connection, because from the purely psychological 
standpoint they are in tlie lost t»»Tl simply phenomena of memory. 
^Il has been suggested that the importance of the common sensations 
^■nd of the general mood or tcnii>e' «f mind which reflects the 
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Male of the whole body is such as to mart: them oat Htne 
faocleus or substrate of these conscious aggicgatcs. Atte&tioB has 
also been called to analogous divisioDS of the nonnal consdounca 
Loccumng, t^., when we can>- oo a coDvcaatioa while composing a 
ptetter. However il Tsay be with these hypotheses, the two selves 
comtitute two mote or iHs independent circles of ideas, mediation 
between which is prevented by some reason inacceosible to introspec- 
tion. Here uguin, then, we are forced to the assumpüon of phyrio- 
Uoginil condition«. But wc cannot »t present make any probable 
Econjcctun; as to their character. 

4. The general disturbances of memory which extend men^y to 

bBxperienccs subsequent to a particular event or comprised within a 

raefinitc period are absolutely inexplicable by u psychology which 

Teluses to pass beyond introspection into physiology. These tern- 

rpotary obscurations of memory have been not infrequently observed. 

Komctiines they are confined to the sense imprcsiions recdvod and 

■the knowledge acquired during the particular time, while the actions 

^«rhich had become automatic are not affcclcd; at other«, they tnchide 

every acquisition whose date falls within it. Sometimes again, a pre- 

Lvious experience intervenes between new impoteaaions, but b not judged 

"a.1 familiar. All these cases of more «r-i«» ,*fmpU[ ^ \q^ q( the 

capacity to recollect precedent experiences require for their scientific 

Lcxplaniition a <Iqji:ndency of the reproductivity of sensations and 

rideas upon some set of nervou.i processes. The lost memory is 

often fully restored after a certain lapse of time, so that there can 

be no question of serious anatomical derangement. Indeed, in the 

majority of instances the disturbance must be regarded as purely 

functional. This view is confirmed by the number and variety of 

special symptoms in amnesia. Disturbances of speech, in partkular, 

have been very carefully studied, and show almost every conceivable 

\type of isolated inhibition of the recotlective capacity. Besides pure 

nBotor ophatia, whlcli is of no interest to us here, there ts a great 

IdivetsEty of sensory forms. One patient (alexia) will be more or less 

■completely incapable of translating written words into speech move- 

rnents, i^., of 'reading' in the ordinary- sense of the word, although 

he can repeat what he hears quite correctly; whPe another suffers 

ittom mor« or le^ complete abrogation of the connection betvrcen 

l^liudition and speech, although he can read without trouble. Or 

a^'.iin, audition and vision may be convertible into spoken words, 

while there is more or less lack of undentanding of what is read 

and repeated. Yet again, pathological cases arc known where wrong 

Uelt«n or words are constantly employed, consciously and uncoa» 
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Kedously, in reading or repealing what has been beard, and bi volun- 
^taiy speaking. All these disturbances appear to be also possible in 
Uic translation of vision, audition, or speech into the movements 
subeerving writing. And within each of the larger groups we can 
discninin&te highly specialised individual cases, in which the derango 
DM&t is luniled to definite classes of words, definite words, defiuile 
leiten, et4:. 

5. We find analogous phenomena in other departments of memory. 
ThtB memory for the forms of visible objects, and the musical me- 
tDory under all its different aspects seem to be capable of isolated 
derangement. But we can pass fairly easly from the normal con- 
sciousness even to these deep-seated pathological inhibitions, (i) be- 

^^cause similar disturbances of less intensity sometimes occur in ordinary 
^■tfe, and (ii) because indiWdual inclination or education usually leads 
^Ho a preference for definite kinds of ideation and centrally cictted 
^Qeasations. Putting all the fects together, we may draw (t) the general 
conclusion that memory is not a unitary force, equally and always at 
Htfie disposal of evor>' mind for every mental process, but takes on a 
^■peda) form for the separate groups of centrally excited sensattoat 
aod their combinations; so that what we call 'memory' consists 
In a number oi special memones, and is not a peculiar capacity above 
and beyond them (§§ 30.5; 32. i). We may also assert, without hesitation, 
that (2) the conditions of centrally excited sensations determinable by 
introspection are not their real conditions, but only symbols or indi- 
cations of the reality. If we attempt to explain all the &cts upon 
no other data than those of introspection we are compelled, in cases 
lik« thoM which we have just mentioned, either to dispense with an 
czplanatioo altogether, or to introduce vague and indefinite con« 
c«pta of unconscious ideas, mental acuities, dispositions, tendencies, 
etc. If, on the other hand, we make up our minds to consider ner- 
vous processes as the actual conditions of centrally excited sensations, 
we have, in the first pbce, the advantage of behtg able to explain all 
the fads, in principle at least, without putting pressure upon them 
or shifting our own point of vien-, while we also rcaji the benefit of 
basing OUT tlieor)- upon a univers;tl law of nervous structure and 
famcUoD, which obtains whether or not there are psychical phenomena 
to accompany exciLition. It cannot be charged against an cxphtnalion 
this kind that it is cither arbitrary or merely hypothetical. 

6. When we come to details, however, we can offer little more 
hypotheiis. Our present ideas of the nature of these nervous 

which we take to be the conditions of centrally excited 
sensations, are quite xii^uc and generali. A current physiological view 
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TeRard.t the <:«1N ol th« cerebral cottex as dlflerentiated organ», su 
serving partimlaT perceptions and recul lections. It is thought th. 
GAch separate idea has its seat in a separate cell; and * caJcutatioi 
has been made of the number of ganglion oelts, with the comrorti: 
result that there are enough of them to hold the stock of id< 
accumulated in the lifetime of the incli%'idtia]. This theory date oF 
back in principle to the seventeenth century. However imaginativdy 
worked out, it i» too crude to be accepted as even an approximation 
to the true explanation. Besides, there is nothing in the facts, 
normal or pathological, to suggest its selection from the list of pos- 
sibilities, apart from the purely physiological or purely physical diffi- 
culties which it presents. An attempt has been made to amend it 
by correlating the elementary conscious processes with the eleinent- 
aiy constituents of the cerebral cortex, and thus m^ing sensation 
the specific energy of the cortical ganglion cell. But nothing is gained 
by the new formulation. The old difhcullies remain practically as 
ihey were, and new one» are added. For instance, even the revised 
cellular hypothesis can hardly explain how it happens that sensation 
complexes which contain ihe same elements and difler &om on« 
another only in the arrangement of tlieir contents can be possessed 
of «uch various Importance for memory. And it is hardly cooceiv- 
able (though this objection holds as against the older form of the 
theory- as well) that visual sensations of any considerable extension 
can be represented on the phj'siological side by the excitation of a 
nngle cell. Both views, however, are put out of court by their 
inability to show us how or why a newly arrived sensation or idea 
sdccts 3 particular cell out of the whole number at its disposal. 
V 7. Tills hypotheslt of the »eat of the separate associable elements 
finds its complement in the further hypothesis that incentives to the 
reproduction of centrally esdlcd sensations, or (to use the comtnoncr 
expression) associations, are anatomically and physiologically mediated 
by tlie tracts of fibres connecting the various sensory centres. Hence 
we hear of astodation paths, along which the excitation b propagated 
from centre to centre, and by whose means the idea which has 
previously been connected with an impression is reproduced when the 
impression is repeated, in accordance with the laws of temporal and 
spatial contiguity. Now there can be no doubt that the ßbrc masses 
which can be anatomically demonstrated to run from quarter to 
quarter of the cerebral cortex stand in rctatioii to the association of 
ideas. Lesion or degeneration of the one is followed by disturbance 
of Ihe other. But this reblion is both inadequately and mislead- 
ingly expressed by the hypothesis. For (1) assodation is possible not 
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Hsüy betw«ea ideas of dÜTcccnt sense deparlmenti, but between im- 
iMcJtftions uT the same sense. Tlie explanation consequently requires 
Üie MSMunptiott of connecting fibres between the cells of the indivi- 
dual ifinstiry centre. (2) We must also suppose that, as the specific 
^^bctratex of definite ideas, the cells possess specific association paths. 
HBut OUT prciient knowledge of the structure of the cerebrum, so Car 
Bftoca giving support to this view, teils direct!)' against it Besides which. 
Ball tlie difficulties of the ccliulur theory recur again in cotuection 
K«id) the theory of specific association paths, (3) Moreover, the 
^phrase 'ussocialion path' suggests that the fibres, oc their function, 
arc the actual equivalent of 'association', in the psychological sense 
o( the connection of senEations in coDsdousness. We need hardly 
give reasons for the contrary belief, that the function of the paths Is 
merely a coodidoo of empirically incited and free reproduction (§ 30. 9), 
and not the special topographical substrate of the simultaneity oi" 
^^associatcd sensations in consciousness. 

^h 8. It b obvious that all these ideas are closely connected with 
^nfcat of the law of specific sensory eneigies and the strict doctrine of 
bcalisaiion ol cortical function. Indeed, if the oi>e ration of the 
kw is traasferrcd from periphery to centre, there is no difficulty in 
anigninf; every discriminable conscious quality its particular seat in 
the cerebtal cortex (cf. | 9. S fl^-)' ^^ ^i'l ^'len depend simply upon 
the view of the individual psyclinlogist, whether he make the single 
cell the deiiosiiory of a simple or complex mental process. How far 
the bias of this individual psychology may lead is shown by the 
dttliDction drawn between perceptive and iccolloctive cells on the 

ßof the &cto of mental blindness and mental deafness (cf. § 27. 
S^ and by die localisation of a special eenttplMal ttnlrt along- 
of the various sensory centres. But there is a further develop- 
to mention. As the cerebral cortex contains motor at well as 
tattOry centres, recourse has been had of late to schematic drawings, 
Ift Ulusttate the cotuection which tntrospection finds to hold between 
idea and movement. l^We shall dispense with this convenient mode 
of illiEdiaiion here, for two reasons: (i) because it would reflect the 
DptDJon of only one group of psychologists, and (2) because we 
Kgard die »cliematic figures ordinarily employed not only as premature, 
bat as wrong in their essentia! implications. Besides the adherents 
of the stria localisation doctrine, there is a school of physiologists 
which holds that all motor centres are also .tcnsory; another (to 
^^bich Goltz belongs in particular) which keeps more or less con^st- 
^ftntly to the view of Flourcns, that the cerebrum as a whole is the 
tabttiate of all mental function; and yet others which adopt neither 
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ol the extreme thooiics, but accept the localisation of sense depait« 
menls and niotoi impulses, while they reject the hypothesis of specific 
cell» and lerme to posit a diflerent cdlular substrate for perception 
and TccoUection or au independent conceptual centic. In bee of 
this divdgence of opinion, the author may be permitted to present 
hb pcisoiul standpoint. 

9- In the tint pUice, it is at least exceedingly misleading to sptak 
fji s 'scat* of sensation or idea. There Citn be n» duubi that the 
term, with the incorrect mclaphor which it embodies, must share the 
responsibility of many cpistemological and psychophysical difHcultics. 
When we 'localise' a sound heard, wc do not make it spatial: we 
merely determine the part of space which is the seat o( its visible 
source or condition. «In the same way, when we distinguish local 
ooitica] centres, wc are not placing sensations or ideas within a 
limited spatial area, but simply deHuing the locality of the visible 
conditions upon which ibey are dependent. .> AU that a locaUsalton 
ol cortical centres can do, then, is lo furnish a topography of the 
central nervous condition* of psychical processes. The real question at 
itsue in the conflict of opinions is, therefore, simply this: arc^the central 
conditioiu of sensation referable to distinct localities, as its peripheral 
conditions admittedly are? To this question we may probably reply 
in the aSirmalive, appealing to the most reliable ob»cr%'ations of 
pathological anatomy for facts upon which to base our answer. As the 
course of particular sensory nen-cs has been traced again and again to 
definite areas of the cerebral cortex, it is reasonable to suppose that 
the central processes arc locally restricted, as arc the processies in tlie 
peripheral sense organs. At the same lime, this docs not ncccsaarily 
mean {a) that the sensory centres are the ultimate conditions ot 
sensation. It is entirely conceivable that they are only links Ln a 
serial chain of conditions, whicli begins with the peripheral sense 
organ, and is continued beyond tlte sensory centre (since in every 
case paths lead from this lo tli« frontal brain region) lo reach its 
final conclusion, possibly, in the frontal cortex. And (A) this local 
difTereniiation of sensory centres does not by any means imply the 
validity of the cellular hypothesis criticised above. We attempted to 
show in a previous connection d 9. 7) that the law of specific senxoiy^ 
cncrgie.1 was only tenable if the specific function was brought into 
connection witli the peculiar structure of the sense organs, and its ex- 
tension to the individual qualities of sense made altogether d(;p'.:ndent 
upon the special character of the experiences and observations com- 
prised within a given sense department (r/. vision with audition). 
to. It is noteworthy that while the motor centres of the cerebral 
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^^ffioc, more cspecUlly in the neiglibourhood of the »ntcrior central 

I convolution, are raarkeclly diOerent in histologicul stnictuie, the sensory 
centres (the visual in the occipital lobes, the xcoustic in the temporal) ^ 
olc.} present a very ^milar appearance in microscopical preparations. 
We find, accordingly, that central disability of a motor area is over- 
come with extreme difficulty, whereas a sensory dciaDgemcnt is c(>m- 
paralivcly casUy and quickly compcnsalcd. Similarly, the extirpation 
ot a motor portion of the brain is followed by pertoancnt local dis- 
turbance of movement; whereas an animal deprived of a sensory 
portion will very soon show every sign of complete recovery, provided 
tliat the exsected area was not too extensive, /.«., thai connection was not 
entirely severed bet»-een cortex and sensory nerve. All these pheno- 
meoa are evidence that the specific function of a nervous excitation 

^is as a rule dependent upon its normal place of origin : tlie pcriphcml 
organ in the case oT sensory nerves, the central in the case of motor. 
It would seem, therefore, that we may compare the imknown processes 
at the sco&ory centres with the known phenomena of the motor peri- 
phery, and attempt in this way to gain a more definite idea of their 
nature. We must then conclate the particular ^mtation not with the 
excitation of a single cell, but with that of a larger or smaller cortical 

I area, according to the r^inge of the peripheral stimulation. Moreover, 
we shall find no difficulty in conceiving of a ' sujwrpaNition ' of the 
dififereDt cortical functions; »inoe this only requires Üi;it each particular 
(onn of movement occurring in the cerebral cortex be independently 
rcaewable, without dixturbance or nbuliticm of others. And lastly, we 
may designate the sUtte of the nervous substance, in which the various 
furtical areas are capable of reproduction,— empl[:>ying a phrase proposed 
by Wundt,— /iHK/iono/ Jiifiotifion. Jusi as the piano player uses hands 
and fingers for the most varied combinations of movements, so the 
«an» parts of the cortcat may be concerned in very dificrcnt forms of 
excitation. The view which we oppuse to the cellular hypothesis may, 
therefore, be termed a dynamic hypoUie^iis. It lakes account of the 
comparatively rapid compensation i^ limited brain injuries, while it 
ctlso recognises local differences witliin the cortex. 

II. II we suppose, furtlter, that these central excitations can be 
«jriginaied not only by a peiipherul stimulation (which, of course, is 
the f*Ktfi/h sine qua i»on of excit:ili<>[i in general, on our own theory 
«s wen as on the others), but also by purely central causes, we have 
in thcM: last the ph)-)dotogic;i] equivalent of centrally exdted sensatiosa. 
^Ve must take it (or granted that the mechanics of nervous substance 
realises the necessary specie condition of empirical reproduction, 
-SKmulianeous occurrence in consciousness (§ 30. 5), and responds to 
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ail the influcnc«« which inuxMpectioQ sbowod to be determinants of 
the effcctiveoeu of this condilioa. As we might lay down quite similar 
mlcs for combinations of movement of oiu limta, we may conjectute 
that they are general \x»a of nervoux excitation. We can at picMnt 
form no positive idea of ih« physiological e<]uiv;itcnt uf con*cioa* 
itimultaneity. Wc might, perhaps, conjcctiuc that the pamllel process 
was a oonßuence of the separate ücnsoi}' excitations in a supreme 
oential organ, which »ccms anatomically given io the frontal It^M». 
As the existence of such a central organ b also vouched for by the 
phenomena of sttcotion and wUI (§ 76. 5, § 77. 7), and as we were 
compelled to give attention the most important place among the gen- 
erat conditions of centrally excited sensations, if not to regard ft as llie 
inevitable condition of reproduction and association (g 32, 1), it will 
be seen that our present hypuitiesLt in. not a mere analogical con- 
»tniction. 

The occurrence of free reproduction, again, pietents no difficulty 
on oui theoi}'. Introspection is unable to discover any condition (or 
the spontaneous originatioD of ideas. We must, therefoit. »ujipose 
that the central causes of the origination of the parallel exdtatiou 
arc not represented in consciousnca». Nor is the other group of free 
reproductions any obslade in the way of a physiological eqtlanation, 
when we remember the general corollary of the law of causation, that 
similar causes produce similar effects. The schema to which we 
reduced thoe phenomena (§ 30. to) can be applied directly, from this 
point of view, to the tcntial nervous excitations. The conditions of 
ccnlmlly exdted senKntiuns enumerated above (§g 31, 32) also admit 
of a phynotugical inter[»ctation in accordance with our dynamic theoiy. 
Indeed, vre have already shown, in cetuin instances, that thi$ trantlatioo 
oflers no special difficulty (cf., t^^ S 31. 6; % 32. 5). Comii^, bsüy, 
to the pathological observations which have been »o Urgely inäuential 
nn suggesting a physiological explanation, «re can say that our hypo- 
thesis is able to do them full justice, even though it cannot state i« 
detail how precisely this or that derangement of mcmoty is pioduo^. 
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HL, »T tad wj,; tod by Uoosleib^is: Brilrift mr exftnmmUUtn Piy- 

Section IL Peeling. 
S 34. Sensation and Feeling:, '■'t'CZ^'' 

1. It B beyond question that we owe the richness and complexity 
or (fax conMrious experience to sensation. We found ihut there are 
*0«iic I3/X)0 distinguwliable seasatiiMi ciualilie» (§ 15. 4, § 18. 5, 
• 19. 4); and thi» number ii Tar exceeded by the variiius combina- 
'*^n» of sensations, and the discriminable dilFereiiccs of intensity, etc-, 
*■* which each quality can be given. The qualitative diifercniiation of 
'c^ling b poor indeed in comparison. Neveitheles», the feelings oc- 
^Vipy a fai more important place in popular opinion than sensations. 

»"Itey pass for real states of the experiencing subject, his most in- 
^imate possession, the expression of his personality and activity; 
while sensaUons sceu to be something foreign to the self, imposed 
Upon it from without, passively received by it. This diveigcnt estimate 
of the two clxtnes of conscious elements is well founded. It is based 
(1) upon die oUsert'.ttion tlut the interrelations of feelings can never 
be independent wf die subject as those of many sensations can, 1./,, 
that feelings have no cibjective »jjnificance over and above their psy- 
cbological. Feelings in other words, appeal as something purely 
nbjeciive, whiie sensations axe only pattialty subjective [']. But it 
abo (3) finds support in the fact that feelings are comparatively much 
ie» dependent upon external stimuli than sensations, and are conse- 
quently much more independent of the objecii^'e infiuences to which 
the subject is exposed. Thii means that the attitude of the indivi* 
dual him.scif is a dcternuning tactur in tlie originaticin and coune of 
feding, and the impression is produced tliat the sole coridition of its 
Ifpeaiance and character at any given moment resides in him as 
experiencing subject 

2. But the view of the relation between feeling and sensation implied 
m these suggestions b not definite enough to be psychologically satis* 
bclory. Pqrxhologically regarded, both processes alike arc dependent 
190a the experiencing sabjoa; and external stimuli exercise a teal 
iifluence upon the feelings; although it is less dian in the case of 
teasatioDs. The relation of the two elements, then, calls for a closer 

[■] A nCetOKe li> tbe lubjoctit« titlo of nepeiicace ii, o( uunc. imjilicil ia tha aan* 
BmffimMmgi but tliii !■ brclcTUit to Itio prcieDt ■*'*"■**'"" [Ko ■ii<:h lereMoce iinim 
rwMtiuL i t> tb« gngliih ttiuatirm\ 
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examination. Wc find, first of all, an important difference, uh^* 
may be regarded as characteristic for the special laws governi^^ 
feeling and sensation. Wc divided sensations into two great grouf^^'^ 
pcriphemlly excited and centrally excited, and found that this disttn^^ 
lion, so far from being unessential for consciousness, was nomol^^ 
recognised in ever)- case by introspection. But there is no dületen<^^ 
of moment between periplicrally and centrally excited ieclings. Th*^ 
centrally cicitcd arc usually as vivid as the peripherally excited, anC^ 
can compete with them successfully for the detenuination of the will ^ 
It is curious that the representatives of eudaemonistic ethics seem on^^ 
and all to have overlooked this fact, which is reallj' llie necessary presop— — 
position of their theory. If centrally excited feelings resembled centrally^ 
excited sensations, a present pleasure, satisfaction of the senses, wotdd 
inevitably bo victorious over an expected pleasure or a merely imagined 
Lsatitfaction. Mor:il action, which on the eudaemonistic vie<»- alwaj 
'lequires an imagined pleasure as its determinant, would then oB 
be possible if the present cundition were that of sensuous dissati 
fsctiOD or of peripherally conditioned indilTerence. The immense ini" 
portance of this equivalence of centrally and peripherally' excited feel- 
ing« for instruction and education, indeed, for the general progress of 
humanity, is obvious. Only the very highest degrees of sense plea^ 
ure and sense pain arc now able to overpower the centrally excited, 
'higher' feelings. Even here, the advance of civilisation lias effected 
a partial emancipation, although the pangs of hunger and the rage 
o( tust are still all too frequent causes of crime. On the other hand, 
the f:dntiiess of centrally excited sensatinns as compared with peri- 
pherally excited is of great importance for an unimpeded knowledge 
of the external world, for the progress of empirical investigation. 
Wo distinguish memory from perception, the product of imagination 
from the presentation of sense, so easily, that there can be no serious 
disturbance of the courac of objective knowledge; and the growth of 
naturalism in art and of object-teaching in education affords a suT» 
licicnt guarantee that the capacity of imaginative interpretation of per- 
ception or of vivid reproduction of (or reconstruction from) description 
Ends no encouragement to further development. 

3. These phenomena famish at least a partial explanation of the 
elatively slight dependency of feeling upon external ttimuhtt. If 
entrally excited feelings arc of equal ralue with peripherally excited, 
an aflective state which results from the combination of peripheral 
and central causes will evidently show but little trace of the influence 
of external stimulation. Consciousness will hardly ever, one might 
My never, be cxcluMvcIy determined by a peripheral stimulus, even 
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^ough attention place no obstacle in Its path. There wDt always be 

ceniiaJly excited sensations more or less clearly present; and aa they, 

'oo, arc ordinarily connected with feelings, the affective influence of 

"1 external slimutai will always be modified by a pre<existent afTec- 

tive Mate. It will dcpetitl upon ciicumstances whether a particular 

stimulus ti pleasant, un]ile;isant, or neutral, although the sensation 

^'Hich it arouses reni:üt)s prartically the same in every case. It is, 

'lierctore, in general, wholly indifTctent for the investigation of sco- 

*»tivity and scnsihle distrimination whether the stimuli arc agreeable, 

«J isagrccablc, or neither, provided only that their affective value does 

'»ot div-crt the attention. We may leave it for the present undecided 

*^*»ethCT this modification of the affective influence of a peripheral 

**J»»iu!us may not be due in some measure to other peripheral exci- 

*^ti'3iis. TTic facts alleged put it beyond doubt that feelings obey 

^^ifTorent laws fcom those of sensation, and that other processes and 

*"facr conditions are involved in their origination. A sj'stönatic in- 

*?**iry into llie relation of sensation to feeling leads to the same result. 

* Htcc form» of this relation are theoretically possible. We may regard 

'^ding (l) as an allributr of sensation, co-ordinate will) quality and in- 

***teity; (2) as an cflect or function of sensation or of a sensation atlri- 

"'Atc; or (3) as an indrpendtnt eonsdous proctis, which accompanies sensa- 

^on under given conditions, but which requires separate description and 

*^*planat»OD. We will pursue our iovestigalion under these three heads. 

4- (1) Fttling at AllribvU of Stniation. — We reject this possibility, 

**^ three principal reasons, (n) We can discriminate the same attri- 

*^Mcs of feeling which we previously obtained by our analysis of 

Equation, — qualitv, intensit y and duratio n. Extension does not attach 

^« fcding ; Eutncilhcr docs it to all sensations {§ 4, j). It is logically 

^nadmbsibte to count a process, itself possessed of these different 

attributes, as one among the corresponding attributes of sensation. 

■At the very least, we slioultl be compelled to look upon it as an attri- 

^Miie of quite different rank or chnracler ; and for this there is no 

«-easoD. It would be equally justifiable to consider sensation an attribute 

^if fectins. (A) We made it a criterion of the attributes of sensation 

Ihat, if they applied at all, they were inseparable characleristic^f th« 

t:r)nlcnt. If any one of them = O, the whole sensation = o (J 

Pleasured by this standard, feeling cannot be called an attribute' 

«ensation. For the affectiv tone of a sensation may very well disappear, 

«iüiout the cessation of the sensation itself. Wc actually find scnsa- 

tioos present where feelii^ is absent, i.e., wc have sensations which 1 

ue Dcitlier agreeable nor dis.-igreeab1e ; and we farther find (such, all 

leaM, is the author's experience) feelings present wbete seosatioa il | 
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abseol, ('./., we have feettngs which are not accompanied by or attsct^^ 
to a deTinite sensation, or which arise where Ihe 06x^*003 condiii^ 
of sensation are debucred from the excmise of their ordinaty iiiflue*-^'^ 
on consciousness. When case» like these exist, it It evidently tnC^^^^^^ 
in principle to speak of feeling aa an attribute of sen.talion. (r) Srf-^j 
nation, as we saw above (S 4. i), is not something beyond or besi^*^ 
the attributes of qualiij% intensity, extension and duration. It is a<^^-^ 
quately defined by the definition of all these characteristics. Bui tl-^^ 
feeling whid» belongs to a sensation is not a necessary foclor in il*'*^ 
Ldefinition, one without which a complete characterisation is impossibl»** 
rThe relation between the two is precisely similar to that between Ih^^ 
sensations of pressure and temperature. Pressure majr be warm c^^^ 
cold or thcrmaUy indifferent But its own quality is not more fuUr*^ 
or accurately defined by the statement of this secondary fact; th»-^ 
■Element is simply a description of a new phenomenon, wYiot^^ 
'occurrence or non-occurrence in consciousness depends upon spcciafr^ 
ötcumstances. Sensation, in the same way, is something beside or^ 
tbeyond the present or absent feeling, and feeling is something beside ^ 
ror beyond sensation. I 

5. (2) fieling at Funttion of Sensation. — Feeling may be considered 
a function of sensation, (a) if the attributes of sensation directly <:on- 
dition its course, i.t., if a parallelism obtains between the twu processes 
similar to the functional relation which we found to obtain between 
tseiuatioD sind stimulus, or (b) if certain connections of sensations 
^exercise a determining influence upon it. The second of these views, 
stripped of its metaphysical wrappings, is represented in the history of 
psychology by Herbart. In its exclusive form, it is plainly negatived 
by the verdict of introspection. We constantly find oursclwcs attrib- 
kvung agreeableness or disagreeablcness to sensations absolutely, without 
rhasing our judgment on their relation to other sensations. Toothache 
remains disagreeable, although the otlier sensations in consciousness 
are ndther of tlie same nor of the <>pposite affective quality. An 
attempt has been made lo meet this objection by drawing a sharp 
line oX distinction between the affective tone of sensation and lite 
feeling originating in the mutual relations of ideas. But the distinction, 
again, entirely disregards the testimony of inlros[icciion, which declares 
tliat the pleasantness or unpleasantness attaching to a simple sensation 
does not dilTer in any essential point or attribute from the feeling 
attaching to a relation between sensations. And tlie other \-icw, 
which maltes feeling a (unction of particular sensations, is equally one- 
sided, since feelings can undoubietlly attach to ilicir interrelations as 
«ell as to thcnuelvca. There rmnains tba question whether, peibap«, 
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^B combiiuition of 1>oth views is Introapecüvely potJtbl«. In endeavotn- 

^raig to answer thiü, it wilt be suJücient ior xis to examine on« of them 

™only, — that whicli am be tlie more summarily treated. This is the 

hypothesis of the dependency of fccJing upon the particular «cnistttion, 

■ot (what is the same thing) upon the attributes of sensation. 

6. It is evident that no one of the anributes of feeling is 
■dependeot (i) upon the qmality of sensatioo. There are no sensation 
-qualltiea which are everywhere and always pleasant or unpleasant, 
strongly toned or weakly toned, provocative of long continued or 
transient affective result. Nor can it be mainlained (we shall dixcu» 
the question in defciil in § 36) that every sensation quality possesses a 
Specific aficctive tone, distinct from the pleasantness or unpleasantness 
'peculiar to other »ensations. This would mean that we had in 
^_xORido;isncss at least twice as many affective qualities as sensational — 
^■1 w«alth of contents of which introspection reveals no trace. We ofieo 
^npeak, again, of 'warm' and 'cold' colours, of 'grave' and 'cheerful' 
Vloncs, elc, but the phrases need not be interpreted to imply that 
qualitative diSeronces of feeling are correlated with certain sensatioa 
-qualities. The view that feeling is dependent upon sensation is, 
therefore, asually narrowed down, (ii) and feeling become-t a function 
ol the inltniily of sensation. It Is certainly true, as a general rule, 
that wcik to moderately intensive sensations arc plca^nt, more 
inlenii«-e unpleasant. But it is not the greater or less intensity of 
the sensation as such which gives this law its real or general signifi- 
cance. Different sensations in different sense departments, and even 
«itbin the same sense department, fall under it at very different 
absolute intensities. Tlius a very slight intensity of organic sensation 
b distinctly unpleasant (a stomachic derangement, t.g., which is 
lepccsentcd in consciouanes-i by hardly any definite sensations at allX 
white sensations of pres-sure, sight and hearing must reach 3 fairly 
high intensity before they can produce a simibr effect upon feeling. 
And while deep ton&t are rarely unpleasant, even when they are 
jntemive enough to excite Die nerve« of touch as well as those of 
hearing, «reak tones from rods or tuning forks of very high pitch are 
exceedingly disigrccablc. Pathologic.il evidence can be adduced in 
support of these observations.' Cases are known in which a gentle 
<ORtact is painful, feint noises unbearable, and dim light very disturb- 
ing; and although they usually show a general increase of sensitivity, 
the increase is never sufficient (as is demonstrated by the vahie of 
^■thc stimulus limen) to explain the alteration of the affective reaction. 
^^ÄTe arc forced to conclude, then, that the intensity of sensation ia 
-not the determinant of the course of feeling, and that the law t&U 
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down above holds oaly under cerUin drcumstancei, i>., when 
changes in sensational intensity coincide with changes in other ptocti**'' 
whidi constitute tlie actual conditions of feeling, . 

7, The same hold.t (iii) of ttie ttmpotal and tpatial character •. 

sensation. The relation of duration and extension to feeling 

precisely similar to tliat of intensity : long duration and wide cstcnsi^^^^^tö 
have the effect of high intensity. We have found this rule to obta^ 
for sensation (cf^ t^., % 18. 7), and it has been confirmed by invesi 
gatioDK into the physiology of the nervoua system (cf. % 9. 10), U-- — - 
that what wc have said of the relation between (celing and intensiu^ 
of sensation applies of the analogous relation between feeling a: 
duration and extension of sensation. But the spatial character 
sensation includes fonn or shape, as well as extension; and thu^ 
seems lo have a special effect upon feeling, more particularly in thtf-^ _ 
sphcie of sight. Certain forms are pleasing, others displca.iing. Tl 
feelings thus originated have been termed tUmentary ailktUe /ttlingt, 
and tlic phrase used lo cover every degree of pleasantness or un- 
pleasaniiiess correlated with the tcinpont! arrangemeiil and xpiatial 
form of sense impressions, apart from theu" qualitative or intensive 
contents. 

But here again it can be shown that form as such is not provoca- 
tive of feeling. Not only do diflcrent individuals give very difTcrcDt 
affective reactions (and we cannot refer the differences here, as wc 
could in the case of sensation, to peculiar dispositions or functional 
differences of the perceptive organs), but the same individual is 
very differently affected by the same form at different times. In 
other words, we are again unable to discover a parallelism between 
feeling and sensation. And as the same argtnnents may be applied 
to the alternative hypothesis, diat feeling attaches to the relation 
between SGn.tations, we arc driven to the conclu.iion that there is no 
simple functional relation between the two contents. 

(3) There remains only the la.st of the three possible views of the 
relation of feeling to sensation, that which makes feeling an Independent 
conscious process. All the objections which we have iiiged against the 
other two tell in its favour. We will, therefore, accept it as a correct 
interpretation of the facts, mtliout intending for a moment to deny 
the normal connection of feeling with sensation In consciousness. 

3 35. The Investigation of the Feelings. 

I- It follows fnam the foregoing Section tliat an investigation of the 
feelings will demand special melliod^ ; that «« cannot make direct 
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^Q)plkatioo of the rales which we have found to hold for sensation. 

Xxperimcnl in particular, which did such good service for sensation 

^tnalysis, ndust now be employed in a diffcraat way, to suit the changed 

«:ondiitotLS. But we cannot cither dessify the feelingi on the line* lai<l 

^onni (or the dassific;ition of sensations (§ 4. lo). For (4) thciv is no 

essential diflerence between pcriplierally excited and centrally excited 

Xecling» (§ 34. 2) ; and (i) the quality of feeling is not depcn<len( upon 

«he character of the perceptive org;in— so that we have no classes cor- 

xcitponding to the 'cutaneous', 'visual', etc., sensations {§ 34. 6). It 

-will be easily seen thai the classification of the feelings mmt, under 

fthese drcurtotanccs, present peculiar difGcullics. For inlrospcclion is 

^fao mote able to suggest ^ui independent principle of arrangement here 

^Uian it was id the case of sensation (cf. § 3. 1). (i) Feelings are very 

«ocamouly divided into hijiker and lower. The pleasantness of a colour 

or a taste, t^.. li a lower feeling ; pleasure in a picture or in a piece 

of good new» a higher. But the criterion which gives these values to 

particular coatenLs is plainly derived from a definite tlieory of life, a 

xiK>re or lew compliotted and tndividu;il systcmali-talion of the rules 

«of aciton, thought and sensation. Wiiat is valueless, in (he first 

^■BStance, is not the feeling, but tlic sensaticn or idea which underlies 

^Ti. Tills distinction of liighcr and lower feelings is, therefore, simply 

an oüshoot of a more general distinction, which ranks sense imprcH- 

sions, the whole domain of sense perception, 88 'low', in comparison 

vith concepts, the a<:tivity of reason or understanding. Such an 

appraisement belongs lo raiionalislic metaphysics, not to scientific psy- 

cholpgy. As a matter of fact, tliere is no (jualitative dUfcrcncc 

dbcoverable ('] between tlie p]easan(ne.<ii of a colour and that uf a 

nccesslully concluded argument, when careful alutnictiun is made from 

the very wide dilfcrcnces in all thdc attendant circumstances. It cannot 

Kive, tlien, as the busis of a classification of the feelings. 

^B !• (2) A vcty similar classification of feelings groups them as 

^^ttnnbtt and intdlectual. The latter arc further subdivided into logical« 

ethical, religious, and aesthetic. It is evident that the line of aepara- 

^hioD here practically coincides with the line of separation in the 
^^«evioiis classification, into 'higher' and 'lower'. The sensible feelings 
an identical with llie lower. But it is a distinct advance to have 
«achaoged the irrelevant ctilcrion of metaphysical value for the ample 
dependency of feeling upon its excitatory processes. The senstble 
fibeUngs are aroused by sense impressions, more especially by tlieir 
quality and intensity ; the intellectual are produced by ideas and inter» 
iefa tioos of ideas. At the .same time, this classification, like the othei, 
(■) [a nj own upntcoce ud, I imaglii«. id tlut al olbcn aim. 




pays no i«gsrd to the qualitative difleicnocs «ithUi feeling itMU. And 
whctc th^t H the case, it is the conditions ot the feelings, and aot the 
feelings as eudi, which arc really classißed. 

(3) It has been proposed to employ the tcnn 'feeling' not for simple 
conscious pioccnt», but for those more or less complex contents which 
we should regard as connections of sensation (idea) and feeling. Tlie 
Boggeslion finds support in popular German and in popolur and scien- 
tific English phraseology; and its adaption naturally carries with Si 
Ihe poMibUily of a very eslensira classification. Sain, and raoie 
recently, Lehmann, have given us classiücalion* under this head. Bui 
it can hardly be asserted tlial any useful result h» been attained by 
ihcm. For if we assume that pIcasantncM and unpleasantness are the 
only 'cniolion;ir element», then they may ob^iou'fly connect with ai 
possible »ensalions and sensation complexes ; and (here is no need o< 
a special clasMÜcation of the connections, sntce sensations and Mas* 
tion complexes have been already classiGed. If wc believe, oo the 
other hand, lliat these emotional elements, pleasantness and unpleas- 
antness, are themselves capable of qualitative gradation, then It is 
before all things dcsiiabic, in the interests of scientific inquiry, that 
their various simple qualities be exhibited in llie greatest poesible 
purity. We say nothing at all of the translerence of popular phrases 
into «cientific terminology-, and iu doubtful >-alue fur tjte analysis and 
comptchunuon of the lacti. 

3. (4) Lastly, it might be thought that the scientific disaiminatioa 
ol tmoiion, mood, impidtt, etc., furnishes a basis for a convspondtng . 
classification of Icclings, And it is not uncommon to find the ciaotioos < 
oi anger, joy, etc, regarded as "feelings', upon precisely the same 
plane as satislaction or dissatisfac^on in a given complex of sensations. 
But ^in, when wc raise the fundamental qoeslioa whether the pleas- 
antness and unpleasantness in all these cases are as such specifically 
dlfEarent, 01 whether the experiential difiereoce between, e.g^ an 
tuqileasitnl feeling and an unpleasant emotion is not rather referable 
in Its entirety to concomitant conscious proceues, tliere seems to be 
no esciijie from an answer in the sense of the latter alternative. 
Emotions and moods obtain tlieir iwculiar 'colouring' principally from 
organic sensations. On Ihe other hand, it is doubtful whether the 
characteristic quality of impulse, which ai>pe;irs again in voluntary 
action, in desire and in longing, can be reduced to organic s«Qs^ 
tions, or is an irreducible elemental^- content, an elementary voUticn 
or feeling of clforl. (Wc shall discuss this pcÄnt at length in § 4a) 

We cannot, then, accept any daMi ficaliQn_o£_Üif t^^'ing« Wjjoj, 
JeftJiith the -simpl« qualities ot pieasantpefn^ ^nd_jy0|fiaaantnes% 



5 JS. 7«S INVESTIGATION OF THE FEEUNGS. 



10 



vfaidi refuse to ndmit of further subdivision. This is additional 
«ridcnce of llic indcjiendent position which feeling occupies with 
regard to «cnsation (g 34. 7). All the more imperative, tliciefore, is 
the necessity of diNcovering a reliable method for the inventigation 
of feeling, irrespectively of simultajieously present sensations. Two 
affective methods are now beginning to be emjiloyed: the first and 
older of which »c may term the serial method, the second the method 
of 4xpmsi«N. 'Hie former consisU in the systematic application oi 
itimuhi« scncs, the latter in an accurate registration of the centrifugal 
manifestations of feeling. 

4, (I) The serial method attenpu to overcome the difGcuUy 
v4iich the relation of feeling to sensation (§ 34) puts in the way of 
an eatpeiimental investigation of the affective conscioustiess by the 
aid of exieiual stimuli. For it Is evident that a functional lelatioo 
external .stimulus is open to very similar if not to the same 
IS ai a functional relation to sensation. We may, it li true, 
that the stimulus wil! cxen-t^ a special influence on feeling, 
apait from its effect for sensation; and this is so far an advantage. 
Btit feeling is, as a matter of fact, no more <in exclusive function of 
external stimulus than it is an exclusive function of sensation. At 
tlM nme time, this is not incon^slent with a certain degree of 
dq>endency,— the determination of which is the object of llie serial 
method. It seU out from the fact that although the affective result 
of Nthnubüon differs absolutely within wide limits under different 
-circumstances, yet relatively the origination or modification of feeling 
particular stimuli may remain constant. If, t^,, we are in the 
ti> find all colour tones indiß'erent, we shall still be able, when 
^4 number of coloured objects is placed before us, to discriminate 
between their effects upon our affective state. Some will please us 
more than otlier», or at least some will displease us less than others; 
«nd BO we may arrange them in a series from the relatively most 
pleasing to the relatively most displeasing, independently of the 
absolute affective value of each separate impression. The regard or 
disregard accorded to the various terms of a scries of tliis kind Is 
Ilien an exprcsdion of the dependency of feeling upon the stimuli. 
Experiments can, of coune, be made with all attributes of stimulus, 
with that which corresponds to sensation quality, as well as with 
those underlying the intensity, duration and extension of sensation. 
The method has not as yet received any quantiuiive formulation; 
and, in particular, do real measurement of »ffective change has been 
obuincd, such as we possess in the measurement of sensitivity aitd 
«cnsiblc diictimination. It remains to be seen whether a (ust notkv 
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able affectiv« cliangc or ap[>arcntl>- equal alfoctiw changes can b« 
[troduced u-Jtli any dcgjce of coiutancy, cvcD where the absolute 
Aßccttrc disposition is subject to coDsidcrabIc fluctuatioD. [■] 

j. A comparisoa of the resulla of the serial metliod with ihoae 
of similar modca of procedure in certain »ense dq>aTtments at once 
sug{;cats itself, (i) Thus we might compare the relative judgment o( 
lone pitch witli the relative r^^d or disregard expressed in the 
alTective series. But we miiy be sure that a lone under normal 
conditions will be hrard. if at all, at t)ic definite pitch which it 
phjTfically charactcristii; of il, and will therefore appear higher or lower 
only as related to other similarly ß\cd and dchnitc tones; wheieas 
we have no right to expect a deßnilc affective result as such From 
a stimulus as such, but only a result more or less constant in the 
Tclatlvc way indicated above. Our ordinaiy inabOity to give the ^^ 
quality of a tone a specific name must be ascribed to the lack of a ^^ 
well developed liability of reproduction as between tonal pitch and -• 
denomination, not to any relativity or muiabiUty attadilng to the -^ 
Mnsalions thein.iolves. On the other hand, the bare Jutlgment thai —^ 
a stimulus is plexiant or unpleasant is very simple and easy; but it ^^ 
follows from the very nature of fueling that it will vary grcatJy even — ^ 
for the same stimuli, (ii) Or again, wc might (as we did above, 
§ II. 5) compare the feelings with the temperature sensations. Thcjr- ""■ 
share with feeling this variability of reaction to cslemal sdmulus.^ — 
But in thoir case, too, the difference between sensation and feeUnip " 
is unmlslakabic. The occurrence of a sensation of heat or cold is. 
in general, determined by quite definite peripheral conditions, u.^ 
the temperature of the skin. This we saw to be algebraically added, 
whatever its degree, tu the thcrinal attribute of tlie stimulus; SO diat, 
when it Ls taken into account, a parallelism of Stimulus and »cnsationr 
though difficult, is nevertheless possible (§ II. i). But feelings aifr 
not thus regulated by peripheral appanitu». At the same time, thte- " 
analogy holds to the extent that 'warm' and 'cold' mean very 
different things as predicated of the external stimulus; juid that ttii»^ 
difference has its root, not in the relation between sensation and 
judgment, but in sensation itaclf. Wc can speak, loo, of a given 
impression as 'warmer' or -colder', without there being a scnaation. 
of heat or cold present in con-iciousncss. 

6. The general dependency of feeling upon stimulus, in the seriaf 
method, can evidently only be represented by a <-utvc showing the 
subjective changes which answer to a determinate form of change in 

(>] And the necmaiy diitlnctii» bctiioen uuuuul uid vulible trma ii ]rat to 
ba dcawn. 



^mm 



»JS 



t.hc stimuli. The values of this carve have no absolute significance, 
but must merely be conceived of as varying between the relatively 
highest and relatively lowest degrees of pleasure. If all the curves 
«obtained for the same form of stimulus change have an entirely 
aimilar course, they may be accepted as giving a reliable expression 
^t the dej*endcDcy imder investigation. We cannot predict a priori 
-«vhat »-ill happeo; but certain sets of experiments, taken by the serial 
xncthoü, on the cesthcüc effect of figures seem to show that the 
conne of the curve is not only constant for the same individual, but 
Sipproximalely iiimibr for different individuals. An attempt has been 
znadc to bring these curves into relation with the absolute affective 
lone, by ascribing positive and negative values to the ordinales that 
express the degree of feeling, the pleasiinlne'ss values being made 
positiv^ the unpleasantness \'alues negative, and the o-ordinale the 
point of affective indilTercncc. But it follows from the foregoing dis- 
cusstoo that this procedure is not only dangerous, but, in view of the 
facts, incorrect. The judgments of different individuals and of the 
Mome individual at different times arc, in ihcii absolute affective ^'aiuc» 
exceedingly variable. Il is, therefore, altogether irrelevant for the 
^plication of the serial method (until we obtain an accurate measure 
of affective change: cf. 4 abavc) how high above the abscissa; wc place 
beginning and end, maxima and minima of the curve : they must only 
be brought as far as possible into accord with the verdict uf intro- 
spection. From this point of view, we may regard affective change 
itself as a purely quimtitalive process, the maximum of which is given 
by the relatively moat pleas^int, the minimum by the relaiively most 
UDplcasant feeling. The various degrees ol feeling intermediate between 
these limiting values will then form an unbroken chain, and wc shall be 
able to pass continuously fnim one to the other, as we can in the colour 
triangle from a saturated colour to a pure while (8 I/. $, 6), The 
discovery and exact formulation of these intcrrctalions of the various 
feeUogs are most valuable. But it is ctjually desirable to be able accu- 
latdy u> determine tlie qualiuiive significance of pleasurable and un- 
pleasurable states. This seems to be rendered possible by the method 
of expression ; which thus supplements the serial method, as the test 
of sen^tivity supplements that of ser^sible discrimination. 

7. {2) The serial method was first emplnyt'd by Fcchner. in his 

^experimental investigation of xstheiics; the melliod of expression in 

syatematk form is due to Mosso. The various 'expressive move» 

voluntary and involuntary, jra.'tsess so obvious an importance 

means for the expression of emotion, mood, impulse, — everything, 

short, whkh can be called an affective process, that it is natural 
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10 moke ihcot the starting point of an experimental toquiiy into tiM 
internal states of which they are the bodily manifatations. Good 
lesulls hav-« been obiaioed from obscn'ations of the change of pulse 
and icspiraii'in, of the variation in the volume of a limb, and of the 
extent of voluntary movements, under the domination of different 
feelings. No use can be made, on the other hand, of tlie wioos 
forms of gestui« and of the manifold play of feature wtiidt sen-e to 
express affective disposition, for three reasons, (a) It a diOicult to 
turn them to experimental account. They can be (and often have 
been) photographed, and «o made pennanent: but that is all. (i) 
Their dq)enüGncy u^ion the will give^i them a certain independence 
of feeling. And {e) they are indiaiti\-e not only of plcamninos and 
unplcai^antiietK, but of concomitant ideational contents as well {d. 
I 5.;). The fact» which have hitherto been collected by the applics- 
tion of the method of exjircs-sion ren<lcr it probable that the changes 
in power und mpidily of puUe and respiration (indicated by the re- 
gistration apparatui), the variation in volume dependent upon the 
supply of blood to the tiN^sucs, and the extent of voluntary move- 
ments (read off directly from a special instrument) stand in a quite 
uniform relation to states of pleasantness and unpleasantness {g 37. i^ 
Ir appears, if we take llie state of indifference as nornial aiw] regard 
pleasantness and unpleasantness as diverging bum it in opposite di' 
redions, that all deviations from the correspondiDg physiological 
which we see reflected in these diOTerent processes, realty give dii 
and simple expresuon to the affective sUte of the moment, (i) It 
is, ilietetore, nece)>san- for an accurate employment of this method 
(and thix is an undeniable dißiculty}, that the norm be detcrmin^le 
not only in a general way, but for every indindual case and for 
every experimental scries, as representing the indifference of affective 
diqxuition of the particular subject at the particular time. 

8. This difHculty has hitherto received too little consideration. 
The method has been employed for the determination of the more 
obvious expressive differences, whose exisience could be demonstrated 
irrespectively of a strict standard of reference. But it can evidently 
only give us absolute values for plea.<tantness and unpleasantneiu under 
the condition thai the 'normal 'reaction denotes an affective indilTcrciKe 
of consciousness. We must trust to future invettigatois to establish 
its claim to rank with the other psydiophyxical methods more securely, 
by as accurate as possible a com]);iri»(m ol objective and subjective, 
and of the various objective remits with one another, (ü) But tlieic 
is a second difficulty in the way of its application. The changes 
whicb have been registered by obscrven so far arc dependent not 
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iljr opoD the aflective xtate, bot partly a\»a upon other ctrcim- 
aces. We know, e.g., th»! the rapidity of the piüsc is liable to ftj 
certain increase with tncrcuiK in the rale of saccosioii of auditory 
ünpiesioas, wbile conaciousoess may be afTectively ncutial. or the 
X>recedent pleaantnc» or unpleasantness remain stationary. It has 
b>cci) found, again, that quick movement shortens the period of pulso 
and respiration; and a whole series of other physiological conditions 
of their variation might be givea. It the method of cxpresaioa b 
Xt> furnish a trustworthy account of the feelings, we must bo «ble to 
«Uttinginsb certainly between the physical dianges due to affective 
ilucraatjon, and those produced hy otlier causen, of whatever kind. 
Mo general niles can he bid down at present, except that all external 1 
sources of error, accidental sounds, etc., must be as far a« ])ossihte 
eliminated, (iii) Again, the mcihod has hitherto been developed only 
along qualitative lines; it tells us nothing of the degree of pleasanl- 
aess or unpleasantness, (iv) And lastly, it is still an open question, 
how the feelings can be best evoked for examination. Two modes 
of procedure arc possible. We can obtain the desired cITecl by ex- 
ternal stimulation, or we can suggest the reproduction of certain sensa- 
tions or ideas, and so cxdtc the pleasantness or iinpleasantncis which 
attaches to them. In neither case (certainly not tn the fintt) havoj 
ire any means of determining a priori how much o( the chang 
Festered l* the result of feeling, and how much the result of other] 
proccs<e» set up by the stimuUis or central excitation. It is clear, J 
then, that much preliminary work is necessary, before the method of 
expression can be regarded as a safe and adaptable instiument for 
the eiqffCTUnental investigation of the affective consciousness. The 
serial nelfaod seems to have the advantage as regards perspicuity 
and reliability on nearly every count. But it, too, requires to be 
carefully checked on one point. It is hardly possible for the devel- 
oped consciousness, in presence of a series of forma, qualities, etc.,! 
lo abstract entirely from tlie relations in which one or other of them 
mutt inevitably stand to its general stock of Ideas (i-f. § 75. 4). It, 
may, tlierefore, very well liajijien that an affective reaction is call> 
loTth not merely by the particular impression whose value in the 
»eties we wish to determine, but partly also by the recollection into 
which it is absorbed. A green colour, t^., may be pleasing not in 
itself, but because of the ideas of pleasant meadows and shady treeSJj 
which it excites. If the curve wliich icpiesents the allcciive value' 
vS a colour scries is made to include judgments of this kind, it will 
plainly bring together a medley of very hctcrogeneoas states. Fcchncr 
has drawn a lueful distinction between ialriiuk and auodativt aficc- 
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tivc value, whirh serves to keep tlie Iwo classes of judgment separat 
The only direct means of preventing the interference of associativa 
factore is to keep a careful introspective watch upon the proccas o *"^ 
jiutgment. Secondarily, howrever, the comparison of different experi-— ■ 
tncnlal scries, taken from the same or from different subjecU, nia)^^ 
perhaps suffice for the detection of extraneous influences. ^| 

Ff^hncr dt>linguith<d thr» mcthodi: th« method of seUttifn, ihc method of^S 
predutlien, vaA the mctliod of tuage. Th« fiist it itlentical with that whidi wc "• 
h;ivf lermeil the irml mtihod. la the HMood, the moul ptming impmrion (vitotl 
f4EUir, ^^.) tl 'prodaecd' bj- the subject hinmelf (in the focm oradrawiag}. Tl»e 
third oonsiii in the comparltoii and meaiuirroeDt of the plrairni; or iltipleanitj 
lelntioD« actually pteientnl by eatuie or ail. It is plain that only the tint of 
tht^e, oui terial method, hau any ^ciieial claim lo rank M a ic*l eip^rimenlal method. 
But DO exact formulation has ai yet been obtained even for it. We do not know, 
in particular, whether we may combine the judg^meDti <A (tifTcient iadividoals lo 
an average lesuit, whether Ihey can be employed simply for the detenoination cf 
the relatively most pteasuint impreision, or can hcutcd Tor the conslructiun ofacoo- 
liuuous curve of affective values, whether in this Utter case the particular <1C(;roes 
of pleaiinKHeii should be iipecinlty defined, ttr-, etc. The method of pTtlduclion 
U I useful supplement to the serial method, if the conditions fur the application 
of the allied method of average error ($ 8. 9, 11) are observed, — Wlille lb« 
methodolo|Q' of WD«alioo bat already attained a cvitain measure of Iioality, that 
of (eelinj; ia «till lameutably iteiicicnt- But there is good hope that the feeling*, 
lariabls a« they are, •;iui nnw be subjected in their turn to aa accural« and 
detailed eutniaaiioD, with eiinllaily tuccessftil result. 




§ 36. Tbe Attributes of Peeliag. 



I. Wc use the [ihrase 'attributes of feeling" in precisely the same 
sense in which wc K]>ol:e of attributes of sensation (§ 4. 1). That is, 
wc understand by them certain inseparable characteristics, which attach 
to every individual feeling, and whose disappearance implies that 
the feeling itself. AH feelings have the attributes of gualily, inteiisity\ 
and duration. The terms arc identical with those employed to designati 
the attributes of sensation, except tliat extension, which we ascribed to] 
visual and tactual sensations, cannot be predicated of any class 
feelings. 'Quality' is, again, the name of the most important and 
fundamcnial attribute; the qualitative definition of feeling consists in 
its cognition :ls pleasantness or unpleasantness. "Intensity' denotes 
tlie degree of vividuiiiss at which a pleasantness or unpleasantness is given 
til consciousness, and 'duration' is the elementary temporal character 
«f a feeling. In view of the focts of the picvious Section, wc cannot , 
hope to detcnnine these attributes as jiositively and comprehensive!} 
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as we could those of sensation, or at least of Ecnsations of peripberal 
oiigin. 

(i) This expectation iti a>ntinu«ii at once when we enter upon the 
considcialion of ihc quality of feeling. PsychologJsu agree that 
plea»ntncss and unpleasantness are qualitative differences, but tliiy 
are by no means at one upon the (juestion whether the terms are 
stmply clasaficator}' concepts, covering a variety' of qualitative differ- 
ences, or individual concepts, expressive of an ultimate qualitative 
divergence. Ad unlimited number of qualities of pleasantness and un- 
pleasantness Is as axiomatic to one as a simple duality of affective ton« I 
b to another. It is hardly possible at the present time to reach n 
final solution of this basal problem. From the point of view of method,] 
however, preference must be given to the second view : it is tlic more 
simple, and it avoids the unscientific use of 'feeling' as denoting a 
content which the observer cannot or will not subject to a carcfiil 
analysis. In ordinary p!irase()logy evetj'lhing may be a 'feeling' or 
depend upon a 'feeling'; we have a 'feeling' that something is right 
or true, wc 'feel' for ourselves and others, etc. If wc introduce into 
psydtologir this custom of terming everything a 'feeling' which is not 
obviously something else, we run the risk of stopping short in our . 
analysis whenever we come upon a process which in any way suggest« | 
the word. Thb source of cnor is eliminated where pleasantness and 
tmpleasantness are regarded as the only qualities of feeling. 

2. Fi\)m thi» point of view it seems fair to say that the onta probandi 
in the question at iwue lies with the psychologists who accept a multeity 
of pleasant and unjiIe^Ltant tune^t. Thdsc who simply assert that the 
diflereoce between pleiLsantness and unpleasantness is a diScrcnce of 
quality, need have no fear of contradiction ; this fact b fiindamental 
for any hx-poihesi« a.« to the nature of Ihc feelings. But those who 
pass beyond it to th« assertion of an unlimited number of qualitative . 
varieties, may reasonably be called upon at every step to bring evidenoa j 
Ua their position from the facts. It wilt, therefore, only be necessary^ 
here to examine into the validity of the arguments by which the 
wcond view is supported. What follows is simply Mipplementary to 
what was said above (§ 35. i, 2, 3) of the claKtil'ication of tlie feelings. 

{a) The mo^t obviuus theory attributes a peculiar affective quality 
to every quality of sensation (cf. % 34. 6). The feeling of a 'blue' 
wuuld tlien be different from llie feeling of a 'red', and the affcclix-c 
reaction to colours in general different from that to sounds. But this 
would mean that e^'ery sen.'^tion had two different affective tones, one 
beating a general cbaraclci of pleasantness, Ihc other a general char- J 
of unpleasantness. For every sensation quality may be eitheii 
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mmaanX or unpleasant, accordinf to th« launsilr of Htimulm and the 
'total ätate of coiisciotun««. Now It Lt lianlly iTCtlibte tliat then 
are twice aa many qualiliet of feeling at iheie are of (eonuiion. If 
there were, tlie difference between extreme teniu within the aiTcctire 
•jr»lein would surely be so diHtinct that do doubt rould exist In i^ard 
to iL The most unmiuical ear, i>., an car of the lowest discriminative 
eapadty, finds a difference between a note in the l»us and a high 
tone in the treble. If there really aic so many different feelings, and 
if they are so much alike in different individuals as they appear to be, 
it is impossible that their difference should not manifest itself^ of its 
own accord, in introspection. It may be objected that the Sensation 
differences, which undoubtedly exist, obscure the Uner divogencas of 
feeling. But colours, as wc saw 1$ 17. 3), are always connections of 
simple qualities, brightness and colour tone ; and yet we are none the 
less able to estimate the separate variation of either constituent. 
Lastly, It is scarcely conceivable that, with so many separate qualities 
of plesKmlnem and unpleasantneiiH, what must be re|tardod as the 
abstract difference between pleiutantneKs and tin]ilcaK;iittncss in general 
should be so much more distinct than any instance of dißcrencc given 
in the concrete, 

3. {b) If we restrict the discnminabic plriinrHnnrwn and unpleasant- 

ncsscs to certain groups of sensations, wo obtain BO moie support &oin 

the £tcis, while wc have absolutely no principle upon wliich to rely 

iilbr guidance. It cannot be said, e^., that high tones potisess a dif- 

HEsent effective character from deep tones : (i) becaujte the musical 

bepresentation of a particuliu' mood is n(>t effected by ilie employmenl 

[\>f tones of any jMrticular pitch, and (ii) because all the difference« 

that really exist arc easily explicable from certain temporal and intensive 

bpeculiariiics of the sensations. Wc know that high tones can be given 

rin more rapid succession, without fusion, tlian low tones; hence they 

are in general better adapted for quick rbythmsL The impreaaion of 

rgnvily and dignity made by deep tones is, tbciefore, a consequence 

ftX the relative slowness with which iliey must suci:ecd one another. 

in order to be dLstiiiguishable. This dignity or gravity, however, docs 

not point to any s;'ecific feeling, but ratlier to a <%Tt;tin carriage of 

the body (with its concomilsint organic sensations) and a preponderant 

bdl^osition lowaTils unpleasant feel'igi. In the s;une wny, tlic 'cheerful' 

'character ordinarily ascribed to high tones indicate» their frcqueni 

employment in quick pass.iges, a corresponding atiiiude and mobility 

of the body, and a predominant dispusitioQ to iiU-a^ant feelings. But, 

as we said just now, cither region of the tonal scale may be drawn 

npOB for the representation of cither mood. Brahms, the greatest of 
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modetn composers, often maVcs use of vety high uiieivals, ojmbina- 
tions of the highesi and lowest tones, for the «xprc»ton of a doi^ 
«enotuness. The distmcdon of 'grave' and 'cheerful' tones, then, 
"Tf"^ be accepted as implying a diatincticm of specifically dÜTcreai 
»flec ti ve qualities. And the same ü tiuc of the 'warm' coloure of 
the long-vave end of the xpeirtrum, and the 'cold' coIouib of the 
•hon-wave end. Theie » n tendency to connect red and yctlow vith 
|>as8ioiU>te excitement, and blue with a quiet circumäpection. But apart 
bom the fact that this interpretation of the 'wann' coloun Is by nu 
BMaiu cooatant, we cannot admit that a 'mood', here or eUewherc, 
denotes a specific affective quality. It is not a simple ci>ni(cioiis pcitce» 
mt slU, but esBcnIially a complex of organic sensations, pita 3 disposi- 
tion towards ccitain feelings occasioned by (or conelated with) them. 
The excitement into which we are thrown by wann colours is piin- 
cipaily due to the more mobile attitude u( the body; and thb is con- 
nected with a disposition towards pleasurable feelings. In presence of 
cold c^Quis, on the other hand, wc experience a certain evennciS of 
mood, rewKiiig from tlie steiidiness of bodily carriage, and indicative 
of an mdiRcrence of affective disptuition. 

4. if) The attempt to prove the diversity of pleasantnesses and 
unpleasantnesses by purely formal argument is still less successful. 
Thus it has been asserted that the abstract concept, pleasantiieK» or 
mpleasantness, must of necessity be discriminated frt>m the concrete 
experiences which fall under it. But nuch a statement merely beg» 
the question, whether the two con<:cpts, a« qualitatively regarded, 
arc cLnssificatoiy or individual. (>/) Again, it has been urged tltat 
both intensity and quality of stimulus exercise an inSuenco upon llie 
feelings, and that every feeling is therefore variable in two directions. 
How this inference can only be mudc the ground of acceptance »f 
the 'diversity' ihcuwy, if the variability ;tt[ributcd to feeling transcend 
the indisputable qualiutive duality, accepted by all theories alike 
(cf. 2, above). But a twofold dependency upon stimulus does not 
necessarily carry mis impüc^ittnn with it. Wc were obliged to correlate 
Ibe qualities of the brightnem series, in visual sensattoiu and the 
qualities of beat and cold, in tempcraUire sensation, with a stimulus 
series capable of only inlcnsi^'c or quantitative gradalion. So here, 
the retatkins obtaining between chaiacter of stimulus and attributes 
of feelii^ may be of the most various kinds. As a matter of fiict. 
we find that pleiLtantness and unpleasantness are correlated not only 
with different qaalities, but with dißeicnt iniensiiies: a simple increase 
o( stimulus mlouity will change pleananluess into unpleasantness. 
An apriotistic determination of the nimiber of affective qualities on 
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this basis, is, therefore, allogcihcr impossible. (<) lastly, the &c* 
that we can distinguish pains which arise in the internal organs oi 
the body as stabbing, gnawing, burning, etc., has been looked upon as 
e\^dencc of qualildtivc difTcrencea witliiD the state of unpleasantiiea. 
The evidence is nut convincing, however, because the organic feosa- 
tlons which are also esciled witliin the body (cf. §§ 22, 23) furnish: 
suflicient eic|)lanation of (lie dlslinction. At the same time, H is 
posMbIc tliat pain must be rew^nised as a speciiil category 
sensation, diKiinct from unpleasantness which Is contained in 
ex] '»cd by it, and originated as a rale by very intensive stimuUti< 
of any sensory nerve (cf. g 10. 4). But even in this case, there would 
be no quali&tivc difTi-icnccs within unpleasantness, but only within the 
specific pain «enxation which combines with it in the concrete paio. 
5, For the present, then, we have no choice but to adopt the 
view that the feelings possess no more than two different qualities, 
and that other differences must be referred to changes in duration, 
intensity, 01 concomitant sensations. The two qualities stand in a 
peculiar relation to each other: they are separated by a state of 
indifference, a neutral point. A stimulus on either side of this point 
will excite pleasantness or unpleasantness according to its character 
The existence of the state of iiidiflerencc can iiardly be doubted in 
face of a long series of observations which support it. For instance, 
any impre.'ision, pleading or displeasing, is apt to become indifierent 
if long continued. Very weak stimuli are naturally indifferent, unlesw« 
make them disagreeable by giving ourselves especial trouble tn 
apprehend them. If an originally pleasant stimulus intensity is d^ly 
increased, there will be a gradual decrease of pleasantness, and, 
following that, a gradual increase of unpleasantness. IntrospectioD is 
not so dear, liowe\'cr, in this ease, as to tlie line of demarcation 
between plcasaume.'is and unpleasantness, the stage of indifference. 
It has even been argued, from ;m experiment of tlie kind (the gradual 
heating of a vessel of water in which the band is plunged) tliat the 
neutral point i.i altngcitier imaginary. The argument docs not hold. 
For (i) the whole procejs i», in all probability, too short for th« 
determination of a period of such narrow limits, (ii) Again, th« 
different portions of the hand have not an equal sensitivity to tem- 
perature; so that one iiuri may still be mediating a pleasant warmth, 
while others have become unpleasantly hot. And (iii) we may observe 
the transition from cold to heal in a similar experiment, witliout 
noticing the interval of {ndifleient temperature [']. On tlie whole then, 

['] I mjnflf, at leitit, have brcB unable tu veii^ Iho occuneoce «f < Doutrcl Ism- 
(ittatutg in «udi U MpclImenL 
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DQ^y le^d the indifference of feeling as an established fact, 
lib implies, of course, that there aie sensations which are neither 
'pleasantljr nor unpleasantly toned. — a statement which is sufficiently 
justific<l by a reference to the iiidiffeTent ideas and actions of every- 
day life. It '■» hardly necessary to emphasise, in com-Jusion, the 
theoretical importance of afiective indifi'erenre. We saw that the 
method of expression is dependent upon its determination (§ 3j. 7, 8), 
iu., that the experimental investigation of the feelings is largely 

»buLsed ujion the assumption of its reality and graphic representabilily. 
But beside« this, a certain direction is given to our tlieoretic ideas 
of the origin of the feelings by the fact that pleasantness and un- 
pleasantness cannot appear or subsist side by side, lilte two colourt 
or tones or tastes, but arc antagonistic to each other, arising from a 
change of the 'normal' process in opposite directions (cf. § 39. 7). 
I 6. (3) The inleniity, lilcc the quality, of feeling can only be exactly 

defined by its relation to indifference. The greater the distance from 
this in cither direction, the greater is the pleasantness or unjileasant- 
ness. Neither can be increased indefinitely; so that we can speak of 
a maximal pleasantness and nnplcasantncas, as the 3n3log:ues of the 
tenninal stimulus in the sphere of sensation (§ 24. 2), \Vc may also 
introduce the concept of the Umen, defining the just noticeable devi- 
ation from indifference as a liminal pleasantness or unpleasantness. 
Any change in the jmution »f the neutral point carries with it a change 
in th« relation of affective intensity to stimulus, but, so far as we can 
judge from the observations extant, produces no alteration in the mutual 
rclatiom of the particular pleasantness or impleasantncss intensities, 
We may, Ihciefotc, conceive of the course of feeling as «lepcndcnt in 
its totidity upon external and internal conditions. This means a 
considerable simplification of affective investigation: for a single 
determination will be sufficient to indicate the course of feeling in 
general If wc find, <^^ that 3 stimulus excites pleasure to a definite 
noticcabi« degree, it is at once possible (provided that this degree is 
capable of numerical expression) to calculate the position of the neutral 
point and of the various degrees of unpleasantness. The most useful 
determination for an exact definition of the pleasant or unpleasant 
character of a given consdous proccsa is plainly that of the undetlying 
afibctive indifference. At the same lime, the determination of the 
relation of affective intensities to one another does not seem to require 
any reference to the point of indifference, any more than to pleasant* 
ness or unpleasantness absolutely regarded. At present, we can only 
speak in the abstract of an affective limen or of maximal jtleasantaess 
or napleaxantncs», since no experiments have been made with a view 
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h> their quanlitative cxpressioa, and the pain timcn («hieb has been 
LAre<)ueiilly detetnÜDed) cannot be considered either as the Umeu 
Ittarimiim of unpleasaatneu. 



§ 37. Results of the Method of Expre»sioo. Dependency 
of Feeling upon the Attributes of Stimulus. 



I 



I. (t) The results of the method of ezprestion furnish practic 
all the malciiat available for an experimental treatment of affective 
qualitjr. There are four bodily proccaaes, which appear to stand in a 
functional relation to pleasantness and imptcasantncss : vohintaiy mo\'C- 
ments, which can be read off bora the dynamometer; changes of 
pulse, which are registered by the sphygmograph ; the rise and Call of 
the chest in inspiration and cxpiralion, registered in a very similar 
way by the pneumatograph ; and variations in the volume of u limb, 
recorded by the plethyaraograph. The employment of tlie plethy»« 
inggTaph has the advantage that the instrument registers the periodic 
oscillations of pulse and respiration, at the same time tltat it reconb 
the alteration of volume due to blood supply; though it does not 
render the use of spliygmugraph and pneumatograph supeiflnous. Now 
the amount of work done by a muscle is entirely dependent, other 
things equal, upon the intensity of the motor central innervation; the 
height of the curves of pulse and respiration upon the innervation of 
th« cardiac and respirator}' muscles ; and ihc blood supi>ty of a particu- 
lar organ u{)on tlie dilatation of the peripheral bluud vessels and si- 
upon the inner\-ation of the vascular muacles. *rhis shows, that all 
Lthe phenomena which have been talcen as expcasive of feeling arc 
Pconditionc<l by some gruup of central influences, gwcming ccnUal 
motor innen'ation. These influences, then, will be tlie real physiologi- 
cal correlates of the feelings. The phenomena evidently owe their 
especial %'alue for the expression of feeling to the fact that they are 
Bpable of variation from a norm (itself \'ariablc} in t«o different 
^directions. On the one hand, inncn>ation may be intensified, and Bte 
curve of respiration or pulse heightened or quickened, or muscular 
work increased; on the other, innc^^'3tion may be inhibited or dimin- 
ished, and pulse, resptialion and muscular force weakened. We may 
accordingly conjecture diat the feelings will tind more oc less simple 
and direct expression in these opixuslte tendencies. 

3. As a matter of fact, the experimental results go far to confinn 
this conjecture. Unfortunately, however, tliey (a) wear an appear- 
ance of complexity, due to the very different character of certain of 
the primal}' and secondary phenomena, and (J>) are not altogether 
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luivDcal. some of the eflec« observed under Ihe four robdcs 
ng teferabl« to diftercnt causes. For instance, the innervation ol 
the cardiac and ic^piratoiy mutcles may be mediated by excitatory 
, or inhiliituiy ncrii^, the blond vessels may be arterial or venous, tlieir 
nervo vasodilator or vasoconstiictor, while tlie excitation of the diflerent 
<xntres for the motor ncivcs concerned may be directly or reflexly set 
up. To take a concrete case: increase in the blood supply of the arm, 
recorded by the Plethysmograph, may proceed from a dilatation of 
I the veins and arteries; it may be produced directly by innerva- 
tion of the vasomotor centre (perhaps from higher centres) or re- 
flexly, 4.g^ by alteration of the cardiac activity; it may result from 
■ an inhibition or diminution of excitation of the vasoconstrictors or a 
|«peciaJ excitation of the vasodilators. The bets a^ observed do not 
variant a pcMitive decLsion in favour of any one of these possibilities; 
aad cunseqiicntly no stiLtemcnt of the central conditions of tlie ])he- 
^^nomeoon can be anything more than hypothetical. So that although 
^«re spoke just now without qualificntion of an intensiRcrfifen and inhib- 
^■ition of motor innervation, it cannot be assumed at the outset that 
^Fthese oppositcs arc definitely correlated with the qualitative opposites 
of feeling. The method of expression must at any rate be much 
more fully investigated, before we can say anything positively of the 
conditions of the processes directly recorded and obsen-cd. Klore- 
over, the differences between the primat)' and secondary phenomena 
rq»e*ented on a curve of nnpleasantnois render the interpretation of 
the fads additionally difficult. 

3. The experimental results arc as follows, (i) Pleasurable states 
are regularly accompanied by increase of the force of voluntary mtis- 
cular action, and unplcasumble states as regularly by its diminution, 
n we may asstmie that the conditions here are of a purely central 
kind, the icstdt is relatively unequivocal; the first case apparently 
ptcsuppoeing an increased, and the second a diminished excltabdtlör 
of the motor centres. Oi) Pleasurable feelings are regularly evidenced 
by increased power, though not by any constant acceleration of pulse. 
The first effect of unpleasant feelings is generally a weidcening uf the 
pulse, without any necessaty reduction of Its rapidity; :md llüs is 
inllowed, not by a simple return to the normal, but by increase / 
beyond it. The difference between the primary and secnn<lary phe- 
nomena of unpleasanlneMi »cems tu he pro]K>rttonal to the «trcngth 
«f the excitatory impreixions. Whether this deiieiidx upon the nn- 
ptcasantsets or u]ii>n the intensity of stimulus can hardly be decided. 
(Si) The rcspiratoiy cur\>cs show a similar divergence. Plcasttrablc 
feelings usually mean an increased depth of respiration, shown by 
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Hie gicatci amplitude of the cui-vc. Unplcaaact (celiags, again, gi 
somewhat more coDiplicated and ambiguous phenomena. If i)ic .siiniuSi 
3IC wc^, they first of all cßect a diminution of the depth of respira- 
tion, which is afterwards replaced by ^ui abnomiat incTcoM. If ibe 
Stimuli are more intensive («,g., \ery tlisagtewbic tastes or smelU), thi» 
Stage of increased deplli of respiration appears suddenly as the 
almost immediate result of stimulation, its pcimuncnce and amplitude 
being proportional to ilic strength of the stimulus: then follows a 
relaxation indicated by a lowering of the respiratory curve. Heie 
again, we do not know how much is the consequence of the inten- 
sive stimulus as such, and how much is to be ascribed to the unpleasantness. 
So tlial it is no moic than coojcctuic to make the relative decrease 
of depth of respiration the real functional expression of the feeling 
of unpleasantness. In all probability, pleasure has the same two 
stages of expression (only in the contrary direction), and it is merely 
due to the sm;JI intensity of the pleaäiirable feelings experimentally 
aroused that they have not been remarked, (iv) Pleasurable stales 
are ordinarily attended by an increase of volume, i.f., a dilatation of 
the peripheial blood vessels, and unpleasant slates by a diminution 
of volume, i.e.. a constriction of the peripheral vessels. 

4, Wc cannot here enter upon a. detailed discussion of ^eae phe- 
nomena, and the various possibilities of their intet^iretation ; but we maj 
endeavour to fonnulale a general hypothesis from which the cx]>eTimenta1 
I results can be deduced with some degree of simplicity and probal»- 
j lity. It would seem that the tmiversal concomitant of a pleasurable 
^H Eiale is an increased excitability of the sensory and motor areas of the 
^y cerebral cortex. This appears to be a necessary inference from the 
r fact that weak or moderately intensive stimuU, which increase the 
excitability of the nervous centres, ordinarily give rise to pleasurably 
toned sensations (§ 34. 6). It would seem, on the other hand, that 
the universal concomitant of an impleasutable state is a diminution 
of central excitability in tlie motor and seiisoiy spheres. Ttiis view 
is supported by the familiar fact that more intensive stimuli, wliich 
are ordinarily unpleasant, bring about a reduction of nervous exdta- 
bllily. Introspection aifords a conHrmation of the genera! hypotlicsia. 
yin a pleasurable state, we usually find an acceleration of the 
train of ideas, an increased tendency to movement, a greater facility 
in the apprehension and estimation of perceptive material; in an tm- 
pleasuiable stale, a retardation and restriction of the course of 
ideation, a diminished disposition to voluntary and involuntary move- 
ment, and a difficulty of discriminative perception. And lastly, obser- 
vations upon mania (in which there is excess of pleasure) and meian- 
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(in which there is constant unpleasantness) point to the fact 
the ultimate ph>-»iological equivalent of a pleasurable state is the 
increase of excitabilitj- following fiom a dilatation of the blood vessels 
whidi supply the brain, while the ulCimBic physiological equivalent of 
an unplcasurable state i» the lasiinj; diminution of excttiibility con- 
nected with constriction of the cenlial vessels. We must, tlierefore, 
suppose that the increase of cardiac and icspiiaioty activity and of 
^^voluntao' movement, obsetved iii the ex|><;rinienis, is a simple conse- 
^kaence of the heightened exciLibility of the pleasurable slate, while 
^^the corresponding decrease of lhc«c motor phenomena i» the direct 
consequeoce of ttie lowered excitability in the unplcasurable state. 
The iacteaae ox reduction of volume, on the other hand, may be 
regudcd as a tcllcx result of the increase or reduction in cardbr 
activity; and the secondary phenomena in unpleasantness asthercl^cx 
motor effects of intensive stimuli. !t must be remembered, however, 
in the latter connection, that the first effect of a diminuuon of blood 
in the capillaries of the brain is probably an increase of cxcitabili^-, 
which passes later into a more or less marked decrease. 

5- {i) The aerial method has been employed hitherto only in con- 
nection with the temporal and spatial aspects of stimulus. No really 
systematic ex[>eriiHen(s have been made on the relation of its quality 
and intensity to leeting. We must therefore attempt to dclenniue'tlüs 
from the more occasional obscrvation.s of everyday experience. \\a) The 
quality of stimulus seems to be of some importance for feeling in all 
sen» departments ; certain qualities arc distinctly preferred to others 
of the same sense, quite apart from individual >'ariation. Deep tones 
^^m ordinarily more pleasant tlian high tunes, t^., and the very bti;hcst 
^Bire as a rule positively duiagrecable. Many pcnions find the colours 
^Kf greater refrun^ibility than green more pleasant tlian those of less 
^Kidrangibiltly (red and yellow). Yc^llow in parlicubr is ahnost imivcisally 
ngarded as the least agreeable colour. Sweet is usually conitidered the 
idainxly most pleasant taste, and bitter the relatively nioKt unplca.'iant. 
Scents are so closely connected with feeling that they arc commonly 
divided into agreeable and disagreeable. As we have no scientific 
ptindple of cbssificaiion of the olfactory qualities (§ 13. 3), it vs. im* 
possible to state with any further degree of accuracy which are pleasant 
and which unpleasant. In the sphere of cutaneous seiuation, warmth 
is generally more pleasant than cold ; pain is decidedly unpleasant ; 
and smoothness and bluntncss are jireferrcd to roughness and shaip- 
Itesa. The organic sensations, again, are so itilim.itely and constantly 
COODected with fecUng, th^tt the rcsuJlant complexes (moods and emo- 
lioas) have only recently been analysed into their components. \\''e 
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have no means at presctii of drawing up a scale of qnalitics, and canm>' 
therefore reduce the compbcated interrelations of the two to any simple!^ ' 
Hchema. It appears, however, that all the qualities of oiganic «nsa— ^ 
Hon, but those uf the common wensatioiu in particular, can combine ^=s 
with lebtively vivid feelings, an<l ttiat the more intensive the sensation, « 
the more dlttinrt is iti^ afTncttve colouring. The articular sensatioiu ' 
are perhaps le» markcilly .ifFcctivc than the tendinous and mu.scu!ar, 
and these again, perhaps <han hunger, thirst, etc. 

6. We cannot say at present why it is that a particular quality 
calls forth a particular affective reaction, since we haye no knowledge 
of the phviiLlogical effects of the different stimuli, l/^ul the fact that 
no stimulus h absolutely and always a stimulus of pleasantness (S 34- y, 
i 35. 4) seems to show that the differences in the affcciiw influence 
of particular stimulus qualities must be referred in the last resort to 
differences of quantity or iniensiti,-. In otlier words, the dependency 
of the feelings u|K)n the qu:ilily of »timulus must pnibably be narrowed 
doivn to a ilci>enden<-y of the jioint of indifference or of the affectiv« 
limen. A high lone will produce the same effect upon feeling as a 
low tone, on this view, if it is given at a certain difference of intensity 
from the low tone. Or a very large dose of fiv,-cet will produce the 
3«une unpleasant effect as a very small do^e of bitter. It should, thcrC' 
fore, be possible, by suitable gradation of stimulus intensity, to obtain 
affcclivj equations expre^ive of the influence of quality. And it might 
then be conjectured that the varioos qualities at the same intcnMty 
set up quite different physiological prucesses. Unfortunately, the 
hypothesis cannot be applied in detail, as there are no observations 
extant upon the point, either psycliolcigical or physiological. We will 
therefore assume, for simj>li(-ity'» sake, that the different stimulus qua- 
lities have different effects, positive or negative, upon the excitability 
of üie cerebr;il cortex ; and tliat the intensity necessary foi its increase 
or decrease, is very different for different stimuli. There is no need 
to justify thi.« particular formulation (cf. 4, above).— Only one stünulus. 
again, can be regarded as absolutely and always a stimultn of un- 
pleasantness—that of pain. But the stimulation is, of course, very 
intcnave ; consisting cither in a direct alteration (mechanical, electrical, 
thermal, or chemical) of the sensory nerve fibres, or a very strong 
excitation of the sense organ ilsclf. Nevertheless, it may run its coune 
also without impleasantness, if the excitability of the rentnil nervous 
substance is artificially diminlihed («^., by chloroform) or has been 
reduced by disease ('.^., /aiei lionalis). We then have analgesia, a 
State of painlessness, in which an ordinarily painftil impression, 
sayt A needle prick, is sensed amply as pressure or contact. 
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7. (^ The great importance of stimultis imemily las pleasantness 
id nnpIcoMUilness is vouched for by the icsult of the foregoing dia- 
of the relation between feeling and stimulus quality. It is 
usualhr summed up in the following rule : iveak 10 moderately strong 
stimuli exdte pleasantness, stronger stimuli unpleasantness {% 34. 6; 
CL 4, abo%'cJ. But this law cannot lay claim to universal validity, since 
»ays notliing of the influence of quality; and is very variously 
ipplicable in different circumstances, being crossed l>y the more general 
conditions of the affective consciotisnesü (g 39). It is radically wrong 
in correlating llie appearance of the two feeling qualities witli purttcular 
stiniuha magnitudes, however relative their definition. We can only 
tcpcat here what we hnve said before, that no stimulus intensity is in 
teelT provocati\-e of pleasantness or unple.x*i3nlness ; and that conse- 
qottotly difference in intensity can be accrctiited only with a relative 
importance afi detetmining the degree of feeling under otherwise cqiial 
conditions. ^ a weak stimulus excite pleasantness, at a greater inten- 
sity it may either increase pleasantness, or decrease it and ultimately 
change it to unpleasantness, according to the position of the neutral 
point. It cannot be 
said that a stimulus, to 
produce increase or de- 
dease of pleasantness, 
must be of this or that 
pellicular strength or 
weakness in the particu- 
lar case.— The ordinary 
coarse of the affective 
learction, as depicted in 
the psychologies, is as S'' 
lullows: a very weak, 
but sensible stimulan lias 
DO noticeable effect upon 
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feeling ; as its intensity increases, the Urnen of pleasantness is reached 
and passed, and maximal pleasure attained ; from this point the 
intensity of feeling decreases up to the stage of indifference ; and this 
in turn gi^'es way to a liminal unpleasantness, increasing by degrees 
to maximal uniileasantnesü. Wundt has represented this course by a 
curve, which is reproduced in Fig. 8. The various points of the line 
xx^ denote stimulus intensities, from the zero-value, j*, to an intensity 
beyond that of the terminal stimulus, *'. The ordinates yy' give the 
Intensity of pleasurable (calculated in the positive direction, above xx^ 
and nnplesaurabte (negative, below xj^ feeling. The continuous curve 
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alion-s the increase oi sensation intcDsily; a is the stimulus I: 
t the neutral point, e the cardinaJ sensation value (lite value at w 
^eatalion increases in diiecl propoition to stimulus intauity). Wund 
eunjccturex that maximal iileasuie coincides with this cardinal value 
sensation. The dotted curve, lastly, indicates the courec of feeling. 

8. The validity of this schema and the inlerrelations of (he 
various affective stagta have never been subjected to a thorough 
experimental test. We may hope that the serial method in particular 
will assist us to a more accurate formulation of the dependency ol 
feeling upon intensity of stimulus. An absolute estimation of the 
affective value of a stimulus intensity leaves too much to the temporary 
disposition and purpose of the individual, and so cannot be reÜed 
upon as an index of its pleasantness or unpleasantness. That intensity 
of stimulus is of great impoi lance for feeling is put beyond all doubt 
by lacls of everyday occurrence in ordinary life. And certain effects 
of (c) the temporal relations of stimulation are reducible to it We have 
more than once remarked that the duration of a stimulus m:xY 
]>roduce the same result in consciousness as its intensity (§ 17, 2, etc.). 
We may now bracket with duration the frequent repetition of stimuU' 
tion, intermittent excitation. Both duration and frequency exert an 
influence upon sensation, but Co nothing like the same degree as 
upon feeling. • A weak stimulus, which at first is hardly pleasu rably 
Ipned at all, may if it persists call forth every form of the affective,, 
icaciion. up to maximal unpleasantness. And the inSuence of inter- 
mittent alimiilatton is even more marked. It accounts, t.g., for tlie 
unpleasantness of tickling (§ 23. 3), of flickering lights, and of beating 
tone.1 {% 14. 3). The stimulus may at drst be pleasant (as is often 
the case, t.g., with tickling) ; but this primary' effect of weak stimulation 
very quickly changes to the opposite quality. It is noteworthy that 
all these modifications of stimulus .—intensity, frequency and duration — 
are familiar to nervous physiologists as conditions of central excitability. 
As 2 general rule, stimuli which are weak to moderately strong, of 
short duration, and of infrequent recutrencc, increase excitability, 
while those which are very strong, which persist for a long time, or 
which recur at brief intervals, decrease it (cf. 4, above). Here b 
further evidence, then, of the importance of central cxdtabilily for 
the affective consciousness. 

g 38, The Elementary Esthetic Feelings, 

t. The temporal relations of stimulation pro<luce a quite different 
effect upon feeling, when the temporal attribute as such is the ob|eci 
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<■*! pcrcqitioo and judgment. I'.e,, when pleasantness and unpleasant- 
ness arc ibcir direct, and not simply their indirect results, Their 
aJTective influence is then altogether independent of that of the other 
stimulus attributes. The same is true of the Hpalta! relations of 
stimulation, which also serve within certain limits (§ 17. 2) merely lo 
incTcas« or replace intensity. Tlie sphere of this special influence is 
that of the elemenlary aesthetic feelings; the sphere in which llie 
serial method has found iU most extensive application (§ 37. 5). 
Ever since liiere have been works "f art, paintings and statues, 
capable of exciting pleasure by the arraDgenaent and proportion ol 
1h«r comtitucnt parts, and ever since the preference of one time 
Older over another has shown itself in the rhythmical succession of 
movements, words and tones, the aesthetic judgment has been mainly 
fottoded upon the mind's appreciation of the temporal and spatiaj 
relations of its impressions. Both lie beyond the limits which we 
have set hitherto to our treatment of affective variation— the limits 
of a ptuely sensible dependency of feeling upon stimulus. A perfect 
square is more pleasing than a sligihtly imperfect square, although 
the area of the two figures, the quantity of light which they reflect, 
the duration of their action upon the retina — in a word, all the 
sensible attributes in virtue of which they could produce a difference 
in sensible exdtalion — arc precisely the same. And a rhythm in } 
titne with accentuation of the first quarter note is generally more 
pleating than an exactly similar rhythm with accentuation of the 
second or third, altogether irrespectively of the sensible effect of the 
total interval or the separate inten-als, of the intensity of each note, 
etc The variation of feeling in these cases cannot, then, be referred 
to the power of stimulus directly to increase or decrease the degree 
of central excitability. Important as that may be secondarily, in 
particular instance«, the ultimate basis of the arsthetic judgment must 
be sought elsewhere. 

2. A further reason for this conclusion is given by the fact thai 
aesthetics, the aesthetic attitude and judgment, is a historical develop- 
ment, not necessarily implicit in the sensible ori^nt.>iaiion. The 
pleasurable or lupleasurable effect of stimulus qualities and intensities 
can be traced in the animal mind as certainly as in our own, by llie 
aid ol tuiequiviical expressive movements; but aesthetic effect pre- 
mppooea a certain degree «f human civilisation. Again, the conditions 
of the ffisthetjc judgment diäer widely from time tu time, from nation 
to nation, from individual to individual; but this has no analogtie, 
even approximately, in the sphere of sensible feeling. And lastly, 
the internal dispositions or conditions arc of abiolutejy decisi^-e import- 
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I uce (or the appearance ol aeMheÜc pleasure or displeasure, while 
fthejr are far lets ligniäcant for the feelings which depend upon 
Stimoliu. Everything points, then, to the or^naiion of the esthetic 
leeKngs io central relatioiu. Some light \* thrown upon the nature 
of these relations bj the slow devclnpiDeni of the Ksthetic fecün;: 
it is not often that it arises at once, like the sensible, as the simple 
and direct conscquenre of the impression. If we look a bttlc cloMly 
into the contents of this intcn-al of dG^'cIopment, «re find comparison, 
leflceiion. vacillatory judgment—in a word, a manysided activity of 
tepioduction. We may accordingly conjecture that the a;sthctic feeling 
originales in B rtialhn «/ tkr pttttivtd imprtition to tit rtproduttien 
, which it exdtes. Our schematic representation of the course of feeling 
nndcr the influence of stimulus inicD^ity will then be applicable ia 
the present connection. Too little elTectiveDeis for reprodactton wlU 
produce no affective result; a grestet. pleasure; too great, unpleasant- 
ness. Now if the reladoD between senaation and judgment <to put 
it briefly) is the source of origin of the xslhetic feelings, the degree 
of facility and certainty with which judgment is passed mmt naturally 
have a part to play in their arou-tal; i^., they may be; brought into 
connection with »ensibtc discrimination. And thij origin would serve 
to explain further why pleasure in the beautiful is 'disinterested'. 
The rcjiroductory elTectivencss of a sensation has plainly nothing to 
do with a desire for the possession of the object which excites il. 

3. Before proceeding to discuss still other consequences of our 
hyjwthens, we wilt give a short summary of the results obtained by 
tlie serial method as regards the effect of the spatial relations of 
stimulus upon feeling. Only one general remark needs to be made by 
way of preface. Wc arc dealing here not wiüi absolute spatial mag- 
nitudes, but with the relations of spatial magnitudes (o one anothei. 
The former topic has already been discussed by implication: ex- 
tenuon and duration (or frequency) produce the same im])reanan a> 
intensity (cf. § 37. S). This fact is also of importance as indicAling 
the distinctive position in which the aesthetic feelings stand. But the 
category is wider than wc have hitherto made it. We are able to 
appreciate the relations of qualities and intensities (more espectatly ot 
c[ualities], quite apart from their absolute and separate significanoe. 
Th,t feeling which is expressed tn a judgment of thli kind is also 
denominated an cesUielic fceUng. Thus our judgment of the beauty 
of a picture may be essentially <ktermincd by the qualitative facto«, 
as well as by the spatial; indeed, tlie ani.st may eres be led to dis- 
regard the latter in hi» striving for qualitative eflfect, aa we see in the 
works, (.;., ol Arnold Bficklin. Unfortunately, no systematic experi- 
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nents have been made on this point A serial iavei>lifcation of the two 
fireat clasitex of visual quality, coloui tone and brightness, indepen- 
dently and in their mutual relations, vould be especially valuable. —In 
the wamc way, a connection of tones in a compound clang or a 
mctfxly LH the object of pleaaure or displeasure, quite irrespectively of 
the alTcctive value of the individual tone or clang. When we speak of 
a melody as 'voluptuous', etc., we have in mind the peculiai .-esthetic 
effect of the qualitative relations which it employs, an effect which 
taay pennt unimpaired though the sensible clang stimulus as such is 
very greatly weakened. We may conjecture that the basis of the 
XSthetic feeling is the itame in all these cases, as in those cited above. 
The conjecture is certainly borne out by the rules of (esthetic ptac- 
tice in painting and music, so &r as anything to the point can be 
learned from tliem. 

4. We may now enter upon a discussion of the uniformity discovcccd 
tot simple spatial relations. The 6rst maximum of pleasantness in 
(be division of a straight line ia given with the apparent cqualit)- of 
the two ports, i.e., with the apparent proportion 1 : 1. Our visual 
secLsible discrimination of lengtli ut relatively very accurate, and the 
lestlietic feeling is very sensitive to noticeable deviations from sym- 
metry. Thus, an objective bisection, which is not judged as a bi*oc- 
tioo, in consequence of optical illusions or other constant sources of 
eiTOT, B not felt as pleasing, but as relatively very tmpleasing. A 
second maximum of pleasantness in the division of a straight line 
occurs at the golden section. In the proportion of the golden section, 
the smaller part (minor) stands to the larger part (major) as the larger 
to the whole line. If we call i!ie minor i and the major x, wc 
have a simple expression for tlie golden section in the proportion 

i:x = x:i-^x, which gives an irrational number, :e = 2. 

The s%n of the square root is positive for a positive major, negative 
far a negative. The ratio i>f minor to major 1« ajxproximately 
I : 1.618. Aritl;metically, tlie right proportion is more closely ap- 
proached, the Either the series 2, 3, 5, 8, I3.3ii34,j5 (in which 

each tenn totms tlie sum of the two next before it) is continued. 
This series rendeis it quite easy to divide a line according to the 
golden section vith practical accuracy-, even without the aid of the 
construction EamiUar from elementar}- geometry. The interesting 
mathematical properties of the golden division have frequently been 
dbawcd; btit no one has called attention to its most important 
mrdwiogical characteristic, i.t., to the tact that tlie ratio which it 
cipreascs is simply a special case of the constancy of the relative 
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MOSible discrimination, or of Weber's law (d. S 7- 8; § 26). If ll"^^ 
law holds for visual measurement, it is dcmonstraiod that the divisic^ * . 
of a line at the golden section pioduces appaicntly equal difference j. 
between minor and major on the one hand and tnajoi and whoÄ^^-^ 
line on the other. __^ 

5. As a matter of tact, Weber's law has been found to bold fo^^^r^ 
visual measurements within certain limits (cf § 59). Unrortunatcly"**-__^ 
sensible discrimination has not been investigated by the mcthoi^'^^ 
required for a strict comparability of results : there has been no com—" ^ 
parison of the relations of three lengths to one another, and, more parti- 
cularly, no testing of sensible discrimination by the division of a total mag- 
nitude. But wc have seen (§§ 6,7) that a difference limen detennined 
by one of the methods of cnor or gradation may bo regarded as a 
diflercnce which is apparently equal to alt other difference Umina. 
And if the relative Ss remain approximately constant, it may be 
assumed that apparently equal differences of supraliminal magnitude 
will correspond to equal objective relations. In that case, we haw 
in the pleasingncss of the golden section simply the pleasingness of 
apparently equal differences. It represents, so to spea)^ a symmetiy 
of a higher order. It is not surprising to lind that deviations from 
an accurate division at the golden section aje not so quickly or cer- 
tainly fell to be displeasing as deviations from apparent equali^. 
For {a) the estimation of the equality of differences appears alwa}-s 
to bo made with less assurance than the estimation of the equality o( 
stimuli. And {b) in the case of the division of a line, the conditioDS 
arc peculiarly unfavourable to an estimation of the former kind. This 
explains why a deviation from Weber's law, which has frequently been 
found in investigations of sensible discrimination, has but little cBoct 
upon the pleasingness of the golden section for feeling. 

The same two maxima of aesthetic effect have also been observed 
in figures in which the proportions of svmnietry and of the gctlden 
section .lomehow recur. Thus, the most pleasing rectangles are the 
apparent square {i.e., i : i) and tlie figure whose vertical and hori- 
zontal sides stand in the ratio of the golden section; the most pleasing 
ellipse is that whose two axes stand in this ratio, etc- Constant errors 
of overestiraation or underestimation of distances, such as always 
attend, *.g., the comparison of horizontal and vertical lines, must, of 
course, be eliminated before the proportions are calculated. It is 
easy to determine the relative pleasingness of other linear divisions 
by intetcomparison, and so to construa a curve, the ordinales of 
which express degrees of pleasingness, and the absdssx stimulus 
proportions. We need not here go into furflicr detail, especially as 
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'Che expenmcnul investigations extant aie by no nie;itis complete. 
"We will only call attention to two other poinu: to the nolewutlhy 
£ict that i-atuition of the absolute magnitude of the separate tenns of 
At ptopurtiufi (Iocs not influence the esthetic judgment, piDvided that 
St does not noticeably disturb comparison, and to the tibaervation that 
Si complicated figtircs are employed, presenting various proportions for 
^tiination, one or another is very apt to have no share in the ses- 
xhetic impresxion, oi to be oveilunked in the iestlietJc judgment It 
ss therdore, necessary for the experimenter tn be extremely careful 
*o define the real object of aesthetic appreciation. 

6. After this summary of the results of experiment upon the 
^lemenLory xsthelic feeling», wc may return to our attempt to group 
^cm under an cxplanatorj- nibric. {a) We notice, in the first place, 
«hat the observations lend every support to our gonjecture that these 
feelings are not due to simple sensible exciuition, but to a relation 
l>etwcen sensation and judgment, impression and reproduction. It may, 
pcrhajM, be objected that the plcasingneas or unpleasingn ess of the division 
of a line is determined by its inBuence upon eye movement. The 
fdeasantncss of apparent equality, we must admit, might possibly be 
coohditioned in this way; but the hypothesis breaks down in face of 
«he ordinary preference of division at the golden section to apparent 
Usectkni, and is obviously altogether inadequate to explain the occur- 
«neoce of similar proportions in rhythm, We must father suppose that 
the conditions ol esthetic effect arc Dot particular influences, valid for 
-a single sense organ, but influences of a general nature, valid for scnae 
-impressions io general. There seera to be three principal ^tors in 
«he production of llie elemcniaty aesthetic leelings. The first (i) b 
the dftirminalentss 0/ ihi Ttpm^Hclory effect of a .lensation. The mote 
<lefiiute the effect, the more pleasing will the impression ordinarDy be. 
The second (ii) is the degree of facility with which reproduction is 
consummated. Here we have the three familiar stages: the too easy, 
^k-hlch does not excite any noticeable feeling; the modenttcly easy, 
^rbicb excites plesoure; and the too <]ißicult, which excites unpleas* 
aritncss (cf. 2 above). And ilie third (iii) is tlie relalton hefween the 
nproduitoty tffetl of the total impression and thai of its sefiaralt (oasti- 
*iunU. The greater the agreement between the two, the pteasanter 
does the impression appear. The co-ripet;ition of all tliree in the 
■.'oncretc case is sufGciently obvious, (i) The judgment of the appa- 
rent equali^ of stimuli and stimulus diflctences (as we have remarked 
in another connection: cf. § 6. 4) is psychologically simple, uncqui- 
rocaDy conditioned. The judgment 'different," on the other hand, 
can only be put into definite form by a special and laborious con- 







occtinn of »evenil judgments, which implies an exireme vacüUtioD 9^ 
UDcertainty of Teproduction on the pan of the observer. Slight deid 
tion» from apparent equity are, thcicfoTc, particnlarly unpteasi^ 
(Ü) Again, it is easier to cognise the apparcttt equality of siiml 
than the apparent equality of slimulu» diSercnces. In the first ca0 
cognition is on the borders of the 'too easy,' in the Mcood it usuaL 
corresponds exactly to what we have called the 'moderately exsjf 
$.€., the pleasurable- At the same time, this relation is not constaa:: 
If the figures are very complicated, the judgment of apparent equaU^ 
of diffeicnccs may be too difficult. In that case, division at the goMc) 
section is not always found pleasant, or plcasanter than tlie apparen' 
equality of the magnitudes or their complexes, (lil) And lastly, wttli 
apparent equality of dißerences, the effectiveness of the total imprca- 
sion for reproduction is entirely coincident with that of its separate 
constituents, inasmuch as these are re productively active only in tbeii 
I relation, and not in their own right. With the golden section, 
single judgment 'equal' covers all proportions. But with tha 
■^»arcnt equality of the distances, tlie judgment 'equal' holds simply 
of the relation of the separate p^irts, while the relatiOD of each of 
them to the total distance is expressed by the ratio t : i. The 
required agreement is, therefore, less with apparent equality of dis- 
tances than Willi apparent equality of their differences. Tliis. again, 
serves to explain the customary preference of the latter in the affec- 
tive judgracna. (h) And, finally, our general theory is confirmed by 
the fact that the constant error in the comparison of spatial magnitudes 
is of determining infiuence on se^ilietic appreciation. This clearly 
shows that it presupposes a relation of the sensations to sensibls 
dtscriinination or sensitivity. I 

7. The view here presented has one obvious advantage: we oblam 
&om it a quantitative formulation of the degree of pleasantness or 
unpleasantnefs, which can always be tested by a direct appeal to the 
facts. Another of its good qualities, not so evident, perhaps, but none 
the less real, is that it can be put in the form of a psychophysical 
theory, and co-ordinated with the physiological interpretation whidl 
wc gave above of tlic results of the method of expression and the 
influence of stimulus intensity upon the feelings. This appears m08l 
plainly with regard to our second principle. It is natural to posit the 
same diffeicncxss of central excitability for the relative facility of a repro- 
duction as for the relative intensity of an impression. The dynamic 
revival of previous excitations must also stand in intimate relation to 
the excitability of the nervous sub^lance, and restriction to a limited 
ana and a slight expenditure of energy will produce a different 
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central effect from that of exicnsioD over a wide raoge and intenxive 
action upon Dumeroua ccotrcs of excitatloit. But the analogy with 
the tffect of stiiouJus exleods further, to llie relaii\-e determinutenest 
of a reproduction (our fir« pindple). Indeterminate repnxiut-iioa^ 
«ay be conceived of— and the interpretation is supported by ijitrtjspec- 
lion — as an IntenDtttcnt process, a vacillation between diiferent judf 
nients or reproductions. But intenniltent »timuli excite unpleu^^ntncsK ; , 
and the disagreeableoess of an impreuion which gives rise to indeter* 
mlnate reproductions may very well tiave its source In the altemaliuD, ' 
the reelleai oacJIlatioQ of the activity of reproduction. We have a 
similar Intermlttence of reproductory impulses, combined wltli oscUla- 
lion of impulses to movement, in uncertainty, hesitancy, doubt, etc.; 
and all these states are unplea-tant moods or emotions. Lastly, 
the third principle, the relation of tlie reproductory effect of Die total 
fanpnssion to that of its eieparate LX»nstituents, point» to an adjuvant 
or inhibitory fuiutioD of different reproduction*, exercised w!ien they 
an given in juxtaposition. We cannot at present form any delinite 
conception of the uctual mechanism of this reinforcement or inhibition. 
Apart from it, unpleasantness may be excited here, too, by an inter- 
mittcnc« of reproduction, due to a divergence of the judgments 
aoggteeted by the total impression and by its »cparatc constituents.— 
In tbb way we obtain a simple psychophysical interpretation of the 
elementary sestlictic feelinj^s, which is again couched in terms of 
increaM or decrease of exciubitity in the central organs (cf. 

I 37- 4)- 

8, Sometliing must be said, in conclusion, of the applirabiltiy <<f 
OUT three principles to other relations than the temporal and ipatial. 
^herc qualities and intensities of sensation are the fitctora :d affective 
ation, the absolute character of the various Kdmuli will always 
a large part in the result. But some importance mutt be atinl>- 
, at least in many cases, to the relation obtaiDiog between im- 
and reproduction. We prefer, t^., a »eric* of colour« whose 
ghtnesa is evenly graduated to a scries which shows irregular differ- 
ences of brightness. This judgment contains an aesthetic apprecia- 
tion, based upon the difference of reproductory effect in the two 
case». Again, some tones are pleasant tn combination, others on- 
pleuant or indifferent This Is also due (apart always from the 
•ensfble effect of the separate tones, or the possible occurrence of 
beats) to the relation of their reproduction», and mora especblly to 
the relative tntettsity of tlie excit-ition of the activity of reproduction 
hy the total nnpTeuion, as compared with iti exdiatton by the indi- 
vidua l tones or clangs. The affective result lias nothing to do with 
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tlw d^iee or haimony. The most hannooious tones are äto«« 
vQntioo rates stand in the proportion i : 2, i>., which constilute t 
ociax-c. But this interval liaidlj' exdtes feeling at all; it is indiflereni 
The roost pleasant interval far most persons is the major diird, 
is not so perfect a hannony. The reastm must be, that the repro' 
ductoiy cITcct of the total impressJon is here approximately equal to 
that of the separate clangs. In smroe cases the affective judgment k 
farther influenced by the apparent equality of the difi^reitoes In 
chords or tonal series. Ho one of these pheDomeoa has been ade^i 
quately investigated. 

The principles are also applicable, mulatit mtäantüt, to die acti 
ol memory and imasinatii)ii, to the moral, Ic)gica}, and rel 
iectings. The pleasurable feeling aroused in us by a s-alid judgment 
a good action or a settled conviction, is capable of reduction to the 
relation between impulse to reproduction and reproductoty «Sect: 
we cannot here enter into details. The more complicated the object 
of affective appteciatii^n. the less possilile, of course, is it to dedde 
a priori what asjiecl» of it will be effective, and, consequently, what 
will be the naluie of the resullant feeling. Moreover, as we have 
already remarked (§ 35. 8), Ihe associative factor is largely concerned 
in all ihc 'higher' feelings. This means that theagreeablcnessordi^ 
agrecablenc» of an experience is determined by the affective value whicV 
the ideas, jndgmcnls and actions excited by it possess for the individual. 




§ 3g. The General Conditions of Feeling. 
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I. By the general conditions of feeling we understand, in the 
place, the processes indicated by the terms attention, expectation, 
habituation, fatigue, etc, (cf. § 5). In connection with the attcntJon 
we must also take account of the influence o( will, and of the various 
individual dispositions of the affective consdowmess. And lastly, W« 
must examine into the apparent dependency of the feelings upon com, 
another. 

(I) (a) We begin widi alUntion. The relation of attention to send-' 
llvity and sensible discrimination has already been discussed (^ 5. 2, 3). 
We found that its inQuence w.is distinctly favourable : ft increased the 
clearness, vividness, and reproductivity of sensations. We shall, iher^ 
fore, be justified in suppling that a definite influence upon feettng 
accompanies these effects upon seasalion. And we find, as a matter!/ 
of fact, that attention is equivalent in its effect to an in tensili cation ol 
external stimulus. A weakly jileasurable feeling is inteasified by the 
<lircrti6h of the ättentjOD upon its concomitant sensations, and 
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whicb staods on the borderline between pleasantness and 
ntnevt may be made unpleasant by an intense concentration 
of the attention upon it. In a certain sense, tlien, attention is a 
favourabh: condition for the feelings as it is for sensation. But, curi- 
ously enough,' the result is quite different if attention is turned upon 
ihe^&«ting itself. It is a familiar fact that contcinplalion of the feeling», 
the dc^'otion of special attention to them, lessens their intcnsit)' and 
prevents their natural expression. This diminution of intensity docs 
not consist in a reversal of the course of feeling under intensificatory 
inflaences (§ 37. 7), but in a tendency of the affective contents to dis- 
appear altogether, to make way for the state of indifTerence. It 1/ 
would seem that attention never transfoims an unpleasantness into a 
pleasastness. Such, at least, is the author's experience. 

2. Attention, then, m adverse to the feelings, when concentrated 
directly ujMin lliem, i^., produces quite different results upon feeling- - 
and sensation. The fact needs further investigation, preferably by the 
method ol exprexnon It is of great importance for a theory of the feel- 
ing». There appear to be only two possible explanations of it, and they 
M« closely related, (i) Wc might suppose that the direction of the atten- 
tion tipon the feeling accompanying a i^ensation is equivalent to its diver- 
sion from the sensation. The further consequences would then follow of 
ihcmscfv««, if wc assume that feeling is in some way dependent upon 
sensation. The diversion of attention from tl)e sensation renders it 
lea »ivid and distinct, etc.; the feeling, which b dependent upon 1 Jr 
dwse attribulca of sensation, must thercfoic undergo a similar modifi- "^ 
cation, (üjtlf. on the other hand, feeling is regarded as a product 
of the co-operation of sensalioa and attention, it is plain that diminution 
or alteration of the second factor will have the same effect upon 
feeling as obscuration or altetaliun uf the firsL The only dlEfeience 
(it will be noticed) between ttie two hypotheses is that tlie latter gJTCS 
attention a deHiute share in the originatiun and direction of the 
feelings. In neither case is it meant, of course, that sensaticm and 
attention as such, t>., as experiences, condition feeling; the words 
are merely i»ed to cover psychophysical processes which stand in a 
determinate relation to the psychophysical process of feeling- It is 
diScolt to decide, at present, between the two views, as the fact« 
can be brongbt equally well under cither. But as within certain 
Smts (defined by the intensity, number, and reproductory effect of 
sensations: § 75) "we can concentrate the attention upon any one 
sensation to the exclu.tion of oiliert, it is ceitainly fait to infer &om 
its relation to feeling thai the feeling* stand in a closer connection 
viih sensaUoni than thexe with one another. 
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3. A decision can only b« reached by way of an exact detennioa- 
Hon of the effect ol the direction of the attention upon feeling. 

I made ■ MriM of >|ihyt;ni4Kt^plilc «ip«rini«aU ut>oo thii polal. which «Mm la 
throw MHd« Ugjhl upon It, ^though thtjr hav« bo cUIbi at all to b« rct,->rded u 
final. Til« MUntioD aim (I lu« thli «xpT««>loii (01 the take of brcvttjr V> 
d*DOtv the spliycmognin obuioed when the iltcaticn wu directed upOB ■ helJOf^ 
•bowid 1 cotutaot appToiinutloD to the normal curve (curve of ladlAereDce, lalwa 
before the e>]xtlincnti) ouly In the caw of pleanirable feellagi. Oo Ibe olhir 
hand, the ilowmi; of the puUe durinG the cnurK of aa uopleaunl fecltDg wat 
fauteaMid by an afiectire dlrectloD of the atleoIloD. The subject oftea IsdMed 
that the fecliDg had allagelhci diiappcared uadcr atteblioa, and (hat it wai very 
dilEcidt, ia any caxe, to attend to pUaiaatneu or unpleaiaiitDcu. FocUae hai 
too little objectiriiy and «ubttantialtty (01 the atieotioa lo be directed and bcU 
upon it. It ii foctuird fm a tnomeat, and then other procewt), <*pcdally or- 
ganic aeasaliaas, üierpose and take poueuion of the eoiucioa« Gution poiaL 
Tbl* Eact, again, is ewUy explained cm the annmptian thai aitenlioQ it «dverte 10 
(MliDB. 

The fitst of the alternative views given above asserts that the 
direction of attention upon feeling b always equivalent to a weakening 
of aeasation or of llie stimuliu wluch occasions it. But, in th:it case. 
It miui be possible, under certain drcomilance», for unpleasantness 
lo be tmnsroiRied into ptea.santne» ; diminution of an intensive and 
consequently unpleasant impicssion may make it pleasant. Now if, 
as a matter of fact, the direction of the attention upon (ccting always 
lesulU in indiiTcrcncc. Jls effect is plainly not simply that of a weakening 
of stimulus or sensation, and it must, therefore, have a ^Mxial part 
to play in the origination of the feelings, — as the second hypotltests 
laaintains. Presupposing that pleasantne» is connected with increase 
and unpleasantness with decrease of excitability in the central organ, 
we are thus led to the conclusion that the effect of attention b to 
compensate these (unctionat modifications. The rcstdt is only produced, 
lion-ever, when the attention is concentrated upon the feeling and 
not upon it:i attendant sensation. In the latter case, the psychophysical 
pTdcc» in tensation is allowed free scope as a determinant of excttt' 
biliiy. This conclusion is borne out by the consideration that attention 
i*, in all probability, not a positive process, which adds something 
to the c<>:i»ci<>u» contents already present, but a process of Inhibi- 
tion {§ ;(.. 5). 

4. Whatever may be the true interpretation of the facts, tbete 
can be no doubt of their great practical importance. Attention gains 
a new significance as the /em el origo of circunupectloii, sobriety, 
coolness of judgment. It illuminates Ih« obscurity of feeling, and 
allows a clear and just view of tlie question at isitie: or. to change 
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'Aie metaphor, it puts the rdos of conduct in the handa of reason. 
We spe^ik of an 'emotional' mind, when we mean one that is toq_j 
^chisivet)- subject to the guidance of its feelings, one which does 
Dot make these lectings themselves the object of observation and 
cxaminatioD; of a 'rational' mind, where we see evidence of a 
devcl<q)cd capacity of active, inhibitory resistance of feeling. We 
t^aU not be far wrong in rcgiuding the difTeience as due in the main 
to the special direction of the attention, which in the first case is 
wholly de\T>tcd to the sensations accompanying feeling, in the othei 
e. often at least, diverted to the fcelirigs themselves. The dilTcrence 
between the naif or impulsive and the reflective or calculating dis- 
poeitioDs is of a precisely analogous character. 

(*) It will be readily understood that the influence of expetlalien 
upoQ feeling is praciicall}- the same -with that of aHcntion. If it is 
directed upon the concomitant sensations, pleasantness and unpleasant- 
ness attain their full force, while its concentration upon the feelings 
effects 3 noticeable reduction of their intensity. It is a familiar 
experience that the unpleasant b more disagreeable, and the pleasant 
mote delightful in aniicipatton than in reality. A long expected 
pleasure b often dittapjHiinting in its realisation. Tliere may, of 
coDTSc^ be other reasons for this: there may be aspects of the reality 
which were not foreseen and expected and which, nevertheless, 
contribute largely to the affective result; or hope deferred may have 
brought icla.\ation and exhaustion, with a consequent lack of appreciation 
when the hoped-for happens. But quite apart from these secondary 
idieoomeoa, the influence of expectation as preparatory attention 
may be conceived of as similar to the influence of attention itself. 

5- (O/TI^* effect of kabiluation on feeling is very like lliat ol 
atlentk m, i'.f.,_undcr its influence both pleasantness and unpleasantness 
apimM <3r~ind iffcrence. Here again, there is no evidence that tm- j 
ipleasäniness passes into pleasantness (cf. i, abo\-e). Observations g 
Üiat seem to point towards any such process are rderable to other 
causes. At least, the reverw passage, of pleasantnetis into unpleasant- 
ness, will be found to be of hardly less frequent occurrence; and no 
one would attempt to e:rplaln it by babituation. The oi^ganism adapts 
ilsell \Q constantly repeated excilatiocs, on the same principle that 
0>e mind is reassured by the occunence of tlie known (cl. § 27. j). 
'Habituation has the same compensator}- power in the sphere ol 
(eding wliich we ascribed to attention (cf. 3, above). 

id) The effect 01 /aligut is the same with tliat of an tntendficatioo 
of the internal or external vtimuluf. It weakens what would otherwise 
he a pleasure, and increases what would noimatly be % iu(y\t;nAft 
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unpl«A»ntnc3S. If £atjgue is continued to exhaustion, tliis incrcä««! 
sümulitbility is changed to an equally well-mail^cd dulncss. Id the 
fiist stage quite weak »limuli may be very unpleasant, to tbc second, 
gdmoli of considerable intensity excit no noticeable ioflticnce. Thii 
^Tces with the general charactcrüation of tmplca$antncss, as ccrrelaled 
fim with an incicaaed, and ilien with a greatly diminished oxcitabÜity 
(S 37- 4)' ^1^^ if '^^ ^°t <>ut with an abnormal degree of excitab{ltty, 
as in the first stage of fatigue, even a weak stimulus must be unpleasant, 
since it wilt necessarily bring about a still (urtlier increase. The 
inAuence of fatigue is, therefore, explicable in terms of ttie tmderijing 
central nervous excitability. 

(tf) Cöntrasi has sumetinies been included among the general condi- 
tioins of feeling. But it is not a simple pHticiple, and its influence, 
cumot be unequivocally deünedt If we undetst^iiid by it merely the 
^ect ~ör the unaccustomed and novel, we may say that it gives rise 
to linpleasantncss. The unknown is disquieting and exciting, and 
arouses unpleasantness in ils primary stage (§ 27. 5). If, on the other 
hand, we mean by affective contrast that an unpleasantness is greater, 
the greater the previous pleasantness, and vice vena, the principle 
cannot claim universal validity. A pleasurable excilalion conung 
after a long period of suflering is not, as a ruic, particularly picasuiabic 
in feeling. Contrast effects are not found, that is, at any rate in the 
second stage of unplea:tanme5s, that ol diminished excitability. Nor it 
the proposttion varialio dtUetat universally valid. Everything depend» 
upon the character of the variable. So that the particular cases in 
which feeling is referred to the eflect of 'contrast' must be carefully 
kq« separate, and the spedal conditions of excitability examined. 

6. (2) ^) It is usual to deny the dei>endency of the feelings upon 
ate will. It is quite true that no feeling is directly produced by the 
intention of the subject. And it is also true tliat a present feeling 
cannot be changed at will,— destroyed, or transformed into its opposite. 
But an indirect influence of will upon feeling, and the education of 
the aflective consciousness which tliis imjiliw, are not only possible 
but must be admitted as well authenticated facts. Reproduction, 
attention, and movement (in part: cf. § /;. 1) are dependent upon 
will; and as these are all factors in the determination of feeling, »ill 
must plainly be coimted among its conditions. Nowhere, we may 
think, is tlie task of self- education more severe or its results more 
wontlerful ilian in the sphere of feeling. Especially important b the 
control of cxprcwivc movements. Tlio course of feeling seems to be 
least (liKlurbcd and the conditions of its development most fovourable 
when these movements are given full play; and their supprctsion, by 
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vohintaiy tnhibilloa, t^., may perhaps be looked upon as a means 
of weakening and dc»ii»ying feeling. 

/'(&) The exi'^tcncc of special individual disposilioru towards the on'gto- 
atian and direcdoD of feeling has long been rccognüed. Tbey find 
^^uq)Fc»ioa in such words as 'tcmpcramcnl,' or in the phrases 'emu- 
^Bbnally minded,' 'rationally minded,' 'capricious,' 'reliable,' etc. Not 
all of these termä, it is true, have exclusive refetcnce to the devclop- 
taent or state of feeling in an individual; but, whatever else the)' may 
toesn. all alike lend in thu diiecUon. It £s cusiomaiy to diatingui^li 
lour tempeniinents, the sanguine, choleric, melancholy, and phli-gni^iiii:. 
The cuncepls uie not properly co-ordinate; and only one of them 
guthat of uclundioly) cont^dn^ any direct ini])!ication of a disposition 
"toward a particular affective quality (unpleasantness). The others 
(witli the possible exception of sanguineness) are indicative not of an 
indinatioD to definite feelings, but only of the normal rapidity and 
constancy of conscious processes. They are, i.e^ formal dcfinilions, 
wfaich we may very well refer with Wundt to the contrast of strong 
UkI weak on the one hand, and quick and slow on the other. But 
these fonoal dc&nihona arc as valid lor the feelings as for other 
coaieDts. Id the sanguine mind, pleasantness and unpleasantness 
ariw quiddy and easily, and as quickly and ea.iily disappear. In the 
jihlegmatjc, there seuius to be a pTedüpo^!lion to die Ktate of indilTcr- 
eace. In the chulcric, «■« find a cximparativcly slight susceptibility 
to diange, and a high degree of constancy in the tctcntion of certain 
Eeelingx and incentives to feeling. We have already discussed the 
tcmu 'emotionally minded' and 'rationally minded' (§ 39, 4). They 
na)r, however, be interpreted tn another way. the former to denote a 
di^toutiuQ {avouiable to the origination of feelings, and the latter a 
pECdispcaitioQ to the contraiy. Again, we say that a character is 
'caprictoio,' when we sec that similar impressions give ris« to ^xry 
different feelings at diScrcnt timca, /.f., when the mood b very vari- 
able, and change» without allcgcabic external cause. Capriciousness 
of character and sanguineness of temperament are thus very closely 
lelatcd,— unless, indeed, we define sanguineness (as is sometimes done) 
«itb special reference to pleasure. It can hardly be doubted that 
tbete are abo specific alfective dispositions. We speak of 'cheerful' 
and 'gloomy' natures, and have a juttholDgical e.-uggeration of tlie iw» 
n mania and melancholia. And we contiasl 'dulness' with 'tivcti- 
&H%' 'enMuuw' of temper with 'excitabilit}-,' meaning to oppose a 
customary alTeclive indificrence to an unusual susceptibility for feelings. 
We may conjecture with some degree of confidence tltat all these 
distinctions have reference to central exdtability. 



k. 



DOCTRiNh Oi- ELEMENTS: FEELmGS, 



I 
I 



I 



7. (3) LsKlIy, we have to discuss the apparent dtfundenty oj/eeiin^ 
fin «ne anoihtr. The facts arc as follows. Aa impr ewi o n *ba t -»uuld- 
CKcitc pleasure, if u-e were indifTerent, leaves us cold if we are out of 
<faiÖ10Ür; or an imprenion that would exdlc unpleasantness, if we were 
JndifTcrcDlt has uo eQeet upon us if we arc cheerful and in good 
humour. This holds aläo when a single impression Has its agreeable 
and disagreeable aspect». We may, of cciurse, alternate between the 
twO) dtfccting OUT attention hist upon one and then upon the other; 1 
but if we regard only the total impreisioD, the two feelings cancel ^| 
each other in proportion to their intensities. We may accordingly ^^ 
say that pleasantness and unpleasantness are antagonistic, or that thcy 
can be added togctlier algebraically. These facts appear to contradict 
the clTecis of contrast (mentioned above, 5); since contrast points to 
an intenitification of pleasantness by precedent unpleasantness, and 
viet vena. But a somewhat closer consideration ol the two cases 
shows an important difference between them : contrast effects are 
«uccessive, the others simultaneous. . A pleasantness is increased by 
contrast, it would seem, Dnly after the cess;iiion of the precedent 
unpleasantness, :tud nut during its uontitiuunce. We can explain the' 
influence of contrast by supposing that the neutral point is sliifted 
{cf. Fig. 8, § 3". 7), and find at least a temporary support for this 
assumption in the analogy of the alteration of the phj-^ological zero 
point, under similar contlitions, in the sphere of temperature sensa- 
tion (g II. 2). Wc suppose, i.€., that a continuance (not too long) of 
pleasant or unpleasant stimulation shiite the neutral point in thA 
direction of pleasantness or unpleasantness, and that, consequently, 
a feeling of the opposite quality, if it occurs, appears more intensive 
than it otliciwisc would appear. The algebraical addition of feelings, 
on the other hand, takes place only if we are exposed to the simuU 
Luieous influence of a number of excitations, in themselves of vaiious' 
alTective value. It becomes intelligible when we recall the physiolog- 
ical equivalents of the two affective qualities, and assume tltat increase 
and decrease of excitability cannot exist peaceably side by side, but 
somewhere and somehow seek to compensate each other, Tliis 
hypothesis is quite pbusible, as it stands; but it admits of different^ 
interpretations, and, moreover, contradicts an often repeated observa- ^| 
tion. Many observers have recorded the occurrence of mix44 fuKnp, 
feehngs in which pleasantness and unpleasantness arise and exist in ^ 
consciousness side by side. I^tt is h ardly possible in the prevent stale ^| 
of our knowledge to decide positively for or against the rcalit)- of these 
mixed feelings The i>r>sition taken up in regard to them is ordinarily 
determined by tlieorelical ideas of the nature of the feelings. If we 
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hnag^ that the phy^ologica! conditions of feeling are localised where 
sensations have their probable central substrate, the possibility of 
mixed feetings cannot be doubted. But if vre imagine that they ate 
uDiiaiily localised, or not locali^d at all, mixed feelings must be 
rcnrded as improbable. In our own view, mixed feelings ate cer- 
tainty le&3 well authenticated than canoellaiion ol feeling. This we 
explain by the hypothesis that when a stimulus to pleasantness and 
a »tiiDulus to unpleasantness meet, neither can produce Its normal 
effect; so that the resultant total feeling does not originate in definite 
partial leelin^, but is the sole and simple aSective result ol the con* 
ditioDS of excitability. 



§ 40. The Question of an Elementary Qnaltty of WUL 



^■psychological ireaüses- Some writers use it to denote what is meant 
B by 'will' in the language of everyday life, while otliers believe that 
h designates special conscious processes, distinct from sensation and 
lecting. In the former sense, will is a general attitude of the subject, 
co-ordinate with automatic or impuUive and reSex reaction; in the 
latter, it is regarded m a ^pedßc concrete conscious content, c^p^ible 
tBidec certain circum.>itance!i of combining with ideas and aflcctivc 
processes. And ibeor}* is naturally as widely divergent as intctprcta- 
tiOD. In the one case, it consists in a tabulalitm of the conditions 
of a state of consciousn&s, upon which not only particular mental 
processes bat the movements of the subject are dependent In the 
other, it seeks to furnish the definition and explanation of a new 
element in mental life in general. There is no necessary contra- 
dicttoo between the two.— We must defer the examination ofthefirüt 
and more important question as to the nature of the will until weirome 
to our third Part (cf. § 77); but wc may here approach the special 
problem of an elementary will quality. 

The psydiologisis who assert the validity of this third element of 

mind have generally been led to do so by didr analysis of certain 

complex states or processes. The most obviuus material for an analyüs 

^of the kiad is furnished by the experiences wliich we call in ordinary 

^Kfe volualaiy actions, resolutions, etc. {*] No one doubts that sensa- 

^nions are concerned in a voluntary' action, or that its course is com- 

fnoidy attended by feelings. The point at issue is, whether we can 

discover, besides these familiar processes, a specific act, an elementary 

tmay be looked for in the decision for one particular action 
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in Eicc of all the toany potwibilities; or in un internal initiaiive, sig- 
Dificant of the active interference of the subject in the meclianical 
course of events ; oi id an cßoit, such as is present also in tmpube, 
in unsatisfied and uncvpicsscd desiie^ in longing and aspiration. 

2. It must be fully understood that howe^-ci the issue b dcddcd, 
wtiether, i^., ire accept or reject this elementary will qaaüty, nothing 
is thereby gained fur the explanation and analysis of voliuitary action 
itself. The piydiophj-iical question, in particular, — Uie question 
whether the physiological substrate of the voluntary action is anything 
other than the sensory excitaiiuns underlying the automatic suocessioa 
ol ideas, and a motor innervation directly dctcrrained by them— is 
not touched at all. The two inquiries, as was hinted just now, most 
be kept entirely separate; not only because their subject matter is 
different, but because the elementary quality, if it existed, could not 
possibly be the distingui!.hiDg charsct eristic of voluntai^- action. There 
is obviously no invariable connection between them: for volunlaiy 
action assuredly does not necessarily Imply a ' feeling ' of internal initia- 
tive, the ' sensation ' of an effort of dedsbn, or (he intensity of desire or 
aspiration- We may, thereloie, for the time being, ah«iiuct altogether 
from the signiücance for volimtary action of a pooible simple coo- 
Bdous content, over and above sensation and feeling. This granted, 
we believe that all the empirical observations of internal initiative, 
as given in impulse, longing, etc., arc ca^licable in terms of one defin» 
ite phcDomcnon, which we may, perhaps, most adequately and <:d>jec- 
tively describe as tffoti. We understand by it an urgen^ from within 
outward, a mental strain, an activity of the self. If stress b laid on 
Ihe anjüogy of this state, in its subjective aspect, with the feelings, 
it is termed the 'feeling of elTort'; if its analogy with sensations is to 
be emphasised, the 'sensation of innervation.' A special relation to the 
Gcelings scans indicated by the &ct that effort is opposed to reluct- 
BDOC ['] in the same way as pleasantness to implcaaantness. On the 
other hand, the quality of effort bears a very close resemblance to those 
of the organic sensations, and especially the tendinous and articular 
sensations. The question arises, then, what the psychology of the 
process really is. 

3. There arc two experiences in which elTort plays a particuUiiy 
distinct part. The first is that of resistance to an opjiosition, of 
struggle under u ])hysical or mental burden, and the second is the 
wish for a change in a given slate, which may be conceived of as 
indiffcTcnt. In both cases, effort appears to be a complex of more 01 
leu vivid oiganic scnsaliona, composed of tendinous (sttain) and aili- 
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aensationa, peripherally and centrally excited. Evidence for this 
analjmis b fumühed by two sets of facts: the relative intensity of 
effort runs parallel to the relative intensity of the organic sennulions; 
and wherever we find clfort, we find motor innervations, actual or 
ideaL Moreover, efiort can be voluntarily aroused by the thought of a 
pleasant change of locality. The plcasantnes in this instance simply 
acts as an clfcctive stimulus to the origination of ideas of movement, 
and the »nsations occasioned by the imagined movement of the 
limbs. The elementary will quality, therefore, would seem to reduce 
to definite sensation qualities. This conclusion helps ua to understand 
th« distinctness of efiort in so many voluntary actions, where it is not 
essantial: the organic sensations involved are for the most part tliose 
attending ideal or real movement. In desire and longing, where it 
is also distinct, the conditions are again fovourable for tlie origination 
of these sensations. The analogy with the feelings is not difHcult of 
C9cplanatioD. The diflerence between elTort and reluctance is not refer- 
able to a specific difference of sensations, but to the opposition of 
■kffecttve (juatity on the one hand, and to tli.-it of the direction of 
,inoven>cni, made or intended, on the other. The idea of movement 
rards the object of effort is connected with a feeling of plcasant- 

i; while reluctance is characterised by intended or actual movement 
3in the repellent object, and an unpleasant feeling which attaches 

iL— The phrase 'sensation of innervation' may be understood to 
that the process of centrat motor innervation itself is accompanied 
l>y sensations; which is not the case. It is, therefore, best to avoid 
the ex|)re»ion allogetlier. 
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I. All the difficulties which we have encountered in our discussion 
<rf the hw» of feeling recur when we attempt to elaborate a theory 
of pleasantness and unpleasantness. This is plainly not included in 
tfie theory of sensation, &ince the feelings, as we have shown (§ 34. 7), 
must be regarded as spedhc and independent consctoiu processes. 
It will, however, resemble the theory of sauation in its psychophysi* 
cal formulation: the ptienumena of the <]ependency of fe<;ling upon 
stimulus, of expressive movements, etc^ refer \a directly to plijinologi- 
cal ptoce&vs. Any theory, therefore, which, like that of Herbatt, 
derives the feelings from the interrelation of sensations may be rejected 
at the outset. We can distinguish three dilfcrcnt forms of the psy- 
diapbTsical theory of feeling: a tcleological, a pempheral physiological 
ad a central physwlogical. The Gt:st attempts to explain the feeling« 
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by Tcfereooe to the ^'aTious dTects of stimuli upon tlie orgsnism. The 
Mcond ascribes the origination of feeling to certain procestses in th« 
periphcnl nerve or sense organ. And tlie thini und» the conditiora 
of pleasantness find unpleasantness in certain central prooesscs, which 
may be modified but are not wholly deteimincd by peripheral influcooes. 

(t) The ItlMlogieal theory brings pleasantncHi and unplcasantous 
into connection with the userul or hatmful effect of stimulation upon 
the organism. It is based upon the evolutional}' %-icw that Uus dif- 
ference of effect 8IOSC through adaptation, selection, and heiedity. 
In its more general fonn it emphasise« the effect upon the oiganism 
as a whole; in a more special formulalion, tlio hurt or advantage <*'^J 
the directly stimulated organ. Now it is indüiputable that there is ^^| 
wide reaching correspondence between the useful and hurtful on the^^ 
one aide, and pleasantness and unplea.<uuitnes« on the other, so that 
there is some ground for regtirding tlie (jualily of feeling ax a criterion i 
of the nattuv of stimulu«. But it is equally indubitable that the 
paniUeÜHm is not coextensive with the facts. The tcleotogical theory 
in its mote general form is thus obliged to have recourse to quali- 
fication or subsidiär}- hypothesis to meet, t^., the unplcasantae» 
many wholesome foodstuffs and the pleasantness of many that 
delelerious. In Its «pecJal form it can alwa)it say that the hurt or 
advantjige does not extend beyond the directly stimulated orgsn; in 
the instance given, that of taste. 

a. The reasons which have led to this explanation of the otigi: 
of feeling are intelligible enough, (it) It ülusirates the aU-pervai 
tendency of biology to regard the course of organic de\'elopmeat as 
purposive, imd evei>' form of organic reaction npon or reception of 
externul influences as preservative of race or indi^ndual; and (b) it is 
in complete accordance with the popular conception of feeün^ whkh 
makes pleasantness 3 symptom of health and unpleasantness a sign of^ 
ill health, pleasure the final goal of all activity and mutation, 
pain a preliminary or transit ion -stage necessary to its achievement, 
consequently the ahnost invariable stimulus to action. Hut tlicrc 
obvious danger that the biological analogy or the adoption of tlie 
views of ordinary life will obscure the real task of a psychophysical 
theory; and the &ct that many p^chologists arc content with a bare 
statement of the paisUclism shows that it is not alway» escaped. It 
b no explanation of the winking reflex to say that it is of use for the 
protection of the eye. We must demand of a theory that it entc» 
more fully into details, showing what sensor;- nerves arc stimulated, 
how and where the excitation is transicired to motor centres and 
thence to the mascles of the eyelid, — in a word, that it reveal the 
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inctrhanisD ot the whole process. Neither can the practical value of 
pleasantness and unpleasantness sen.'c as a starting point (or a theory 
of the feelings. Far all Utat it lelU us is that the useful and harmful 
are really identical with the (sooner or later) pleasurable and unpleas- 
uiable. An unpleasantly bitter medicine is termed useful, because its 
«erects are satisfactory; and a sweet poison haimful, because its ulti- 
iDAte consequences are exceedingly painful. If the telcolr>gical theor)' 
made do attempt to go behind these statements, it could never arrive 
at any real explanation or transcend the »mple enumeration of the 
conditioos of pleasantness and unpleasantness. For as the usefiil is 
the pleasurable, and the hurltui is ilie unpleasurablc, the theory would 
be a mere rcstaicment of its own problem. It follows, therefore, that 
until 'useful' and 'harmful' have been defined in uther terms than 
those of their relation to feeling, we cannot speak of a teleulogical 
tktory in any strict sense of the word. 

3. The general form of the teleological theory makes no difücully 
of this dcfintli*in. Everything which destroys or deranges the organ- 
ism is harmful; everything which secures or furthers its life and 
growth is useful. But such propositions are evidently far too inde- 
finit« to meet the requirements of a psychoph)-sical theory, (i) In 
all probability, feelings, like sensations, are correlated with excitation 
processes in üie cerebral cortex. It would, therefore, always be in 
place 10 raise the further quesiioo of the relation between organic 
furtherance or derangement and the central nervous processes whidi 
presumably underlie pleasantness and unpleasantness, (ii) Again, it b 
at least exceedingly difficult to define the usefulness or harmfulnc$s 
of the excitatory factors in the case of centrally excited feeling (a;»- 
thetic. moral, etc.), independently of their affective result, (iii) And 
the whole theory is too crude to be adequate to all the finer grada- 
tions of feeling. That pain is deleterious to the organism is obvious 
oa the surbc«; but the result of a less intensively unpleasant stimulus 
la far more easily determinable in its aifcctivc aspect, than in its 
detrimental. And the same holds of pleasantness in general. <iv) 
ly, there are certain facts which the general teleological explan- 
, jcaniwt cover. There arc very serious organic derangements 
<^.) which are hardly unplcasurable at all; and the degree 
of pleasantness and unpleasantness does not stand in any sort of 
unifonn relation to the extent of organic furtherance or derangement. 
The pain of a disKtsed tootli It one of tlie worst that we can ex- 
perience, and fs certainly out of all proportion to it» detrimental efltct 
iupon the organism. 
Certain of these objeaions hold also as against the ^cial form of 
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the teleolf^cnl theory. This can always, of oovrse, be bron^t into 
lonaal agreement with the f^cts; it is always possftile to assume that 
pleasantness goes with sustentstioo or the stinitUated oi^gan, atwl un- 
pleasantness with its iiDpaiimcnt, — since then b at preMOl no obfcctrv« 
cntcnon to which these processes can be refcmd lodcpcndcntly of 
the reelings. But w« are no more justified here than we were betöre 
{n speaVing of a theory, until 'tue' and ' harm ' have been objectively 
defined, in piindplc at least, as apedfic phenomena. And if this 
definition involves their translation into ph}-siologica] tenns, /.«., the 
distinction of processes within the stimulated nerre or its central 
terminations, which are conceived of as advanta^ceons or detrimental 
to iheie organs, the special form ol the teleological theory passes ai 
once into a peripheral physiotogical or central pbpiological bypothcais. 
It is, therefore, best to avoid the tue of the misleading expressions 
'useful' and 'harmful' altogether. 

4- (3] Tlie common element in the peripheral physiological and 
central physiolt^ical theories is their assumption of a special 'affective' 
nervous process, 01 at least of a defmite mudiGcation of seasoiy ez> 
citations, as the equivalent or excitatory condition of pleasantneaa and 
unpleaaantDaaa. They differ only in their localiä>3t!on of this process; 
die former pladng it in the pcrijiheral nerve, while the bitcr rcfcra 
it to the cenlnil organ. The /xripheral physiologital theory regards 
the stale of nutrition of the stimulated nerves as the sole condition 
of the origination of pleasantness and unpleasantness. Every stimulus, 
benüdes setting up a specific excitation in a sensory nerve (the con- 
scbus correlate of which is sensation), must, evidently, make a more 1 
less extensive draught upon its store of cnctg^'; atid the force required^ 
for the restoration of the original conductive capacity will vary in 
proponion to the intensity or duration of stimulation. These | 
of the distribution or consumption of stored energy and Its stibieqti 
restitution arc regarded by the thooiy as the ph}-siolo(-ical equtratents 
of the feelings. The more intensive the stimulus, the greater Is the 
demand made on the latent nervous energy, and the more dilGcult 
and uncertain the return to tlie original state. The weaker the 
stimulus, the more adequate is the reserve of energ)' to cover the 
loss due to excitation. The stimulus is accordingly felt as pleasant, 
(or a pleasurably toned sensation arises) under favourable conditions 
of supply and expenditure, (>., (to phtase the matter in Hering's 
terminology: dl S§ ii, 21) as long as the dissitnilation which it has 
caused is not In excess of the subsequent or simultaneous assimilation.^ 
On tlie otliei hand, the stimulus ta unpleasant (or there arises an tm-^ 
plcasurably toned sensation), il the dissimilation is so great that 
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ccmpletc rcstituiion ü impossible at the moincnt Th« neutral stage 
of feeling will then be correlated with the equilibrium of assimilatioa 
diBsönilaiion. 
5, Tlie first objection («) to be urged against the peripheral phy- 
liologiai! theoty of feeling üt that it is at best not a theory of feeling 
in goieral, but only of the sen^ble feelings. It is dilücult to see liuw 
the division of a tine at the golden section, 4.g,, should make less 
demand on the energy «f tlie peripheral optic nerve than any other 
diviaon. And the homogeneity of the affective quality makes this 
objcctioD a strong one- (A) But the theory can be justly ciiticir^ 
«TCD as an explanation of the sensible feelings. If the excess of de- 
mand ovw supply in the sensory nerve can be carried to greater and 
greater lcDgtl)s, and unpleasantness increaBe in proportion, ft is only logical 
to sup]Ki»e that the excess of supply over demand will in turn mani- 
Gst itielf in a oorre^ponding intensity of pleasantness. The focts arc 
otherwise. We roust, ihcrcloic. choose between a conclusion which 
^—jatisiics the hypotliesis but violates the facts, — tliat the weakest stimuli 
^Hie the mort pleasant; and a conclusion which, though adequate to 
^Bbe bets, is »ppuiently irreconcilable with the hypothc^iK,— that assim- 
Hmtion increases wiüiin certain limits with dissimiiation, so that the 
excess of sa[>ply over demand grows constantly larger, up to a certain 
mtensit)' of »limulus. {t) Again, it is difficult to harmonise this theoty 
with the well authenticated physiological fact of the inexhaustibility of 
ifae nerve. The presupposition of an excessive consumption of energy 
is hardly borne out by the observation that the capacity of a nerve 
is not noticeably diminished by continued and intensive Stimulation. 
ii) And ta.ttly, the theory makes no attempt at alt to account forthe various 
indications of a definite slate of the c«ntr3l nervous mbxtance wliich we 
fbuDd in the coune of our discussion of tlie method of expre.'csion and 
■Is rcsulia (§ 57), the influence uf attention on the feelings (g jq), etc 
On the oilier hand, the objection that the processes of nutrition 
within a nerve have nn possible claim to rank as tlie specific nervous 
absuate of (eding cannot be recognised as valid. If the process of 
'cxdtalioo', the real nature of which is altogether unknown, is ac- 
cepted as the equivalent of sensation, there seems no reason why the 
conaumptioQ and restoration of nervous energy which it invoUxs should 
not be the equivalent of feeling. No one except Hering (in his 
thsoty of the ROlagonistic nervous processes underlying visual and 
temperature atmations) has suggested that the restoration of the loss 
of eaogy consequent upon excitation b in any way reflected In sen- 
aatlon. It would ^>pear, then, that the process may quite well be 
IS an e^>ienion or condition of feelii^. 
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6. (3) Tbc peripheral physiolugical Ükoaty ts obliged to takescrme 
account of the central condition» of feeling. But it regards thcsi 3> 
the simple consequences of the peripheraUy initiated process. The 
ttHfral phymlogittil theor>-. on the other huid, asserts that the exd' 
tations set up al the periphery produce theii due Intensive or tempora) 
cflcct upon feeling only under certain circunutances, i>., that they 
are merely stinuH, whose affective result Ik entirely dependent upon 
the Klaie of the nervous substance. The real conditions of the ur^- 
ation of pleasantness and tmpteaaaatnflss arc found in the central 
organ. It will be Temembered that we adopted a general view of 
this nature in our preliniinary discussion of the results dl the method 
of expression atid their interpretation ; we came to the condtiaion that 
pleasantness and unpleasantness are correbted witti diflerences in tbe 
exdiability of the central subsla.nce g 37- 4). A central theory ha» 
one great and obvious advantage: it enables 'ua to explain all ih» 
focts of the affective consciousness. It helps us to understand wfay 
there is no radical diflerence between peripherally excited and centoBy 
excited feelings, as there b between the corresponding categories of 
sen.sation (g 34. z). And it certainly fumiÄhea the wmplcsl explana- 
tion of the facts obtained by the combined a])plical)on of the serial 
and expressive methods (cf. S 37. 8), and of the homogeneity of fee 
iiig, i,€., the imiwssibility of a simultaneous experience of more tha 
one plcasunt or unpleasant state (§ 39. 7), But the theor>' may take, 
and has actually taken, very different forms. In what follows we shall 
mention only two of these: the theories of Meyncrt and WundU 
Accor'iing to Meyncrt, the physiological equivalent of feeling is to be 
looked for in the variation of the nutrition of the cerebral cortex; 
on that of Wundt, pleasantness and unpleasantness arise from the 
icacHon of apperception (cf. g 32. 5) upon sensations, or (in phj-sio- 
logical terms) from the reaction of a special apperceptive centre upon 
the sensory excitations set up in the various sensory areas. The two 
theories are essentially diSercnt; the former regarding the aflectlve 
processes as distributed throughout the cerebral cortex, and the 
latter giving them a determinate localisation in a particular braioS 
centre. " 

7. (i) Mejuert supports his theory by a reference to the physiolog- 
ical processes which are observed to follow fiom intensive (jminful) 
and weak (pleasant) stimuli. In the former case, (a) the excitation is 
greatly iclardod in its conduction through die gray substance. Pain 
only arises, If the stimulation can reach the gray matter of the spina) 
cord, and this offers much more resistance to the propagation of an 
cxdtation than does the white matter (cf. S 10. 7). (ft Intensiv 








oT) slimiiU arc followed by a leflex coiistriclion of the aiterie«. 
nse bodily pain may in this vray produce a swoon, and the 
tortures of the rack have sometimes put the victim to sleep, (y) This 
arterial conslriction implies a reduction of metabolism in the ncnou« 
elements, and must, therefore, produce a change in their chemical 
relations, a dyspnccic phase of their nutrition, which in its turn may 
g^ rise to definite movements, e^., deep inspiration or even convul- 
DD3. The phenomena of weak and pleasant excitation are tltc exact 
antiariei vA these. They are (k) an unimpeded nervous conduction, 
t,, a qnidc and certain propagation of excitation to particular nerrous 
dtrcs; {p) a dilatation of the arteries, i.t., a functional hypcnenia; 
^> and, tattly, an increased metabolism in the nervous elements, (>■, 
hn apnocic phase of th-jir nutrition. The feelings arc thus an expics- 
»on of the state of nutrition of the cerebral cortex. The cortex 
itself on Meynerl's •Ai.v has two active functions: the innervation of 
trains of thought and the movements associated with ihcm. and the 
innervation of the muaclcs aubservLng arterial constriction. Inactivity 
of thought means increased innervation of these musiJcs. i.t.. is correl- 
ated with functional antemia; while activity of idtaiion and energy 
of the movements which it condition!« bring willi them a dibiaiion of 
the arlciics, i>., a functional b}-pcrEemia. In the (ormer case we have 
I unpleasantness, ui the latter pleasantness. 

^■j 8. (ii) Meynert's theory sets out from purely phvüiotogical phenomena, 

^Bfae moveraeni> of seizure and avoidance which follow the action of 

^^leuant and unp1e;i.<iaiit stimuli. Wundt, on the other hand, is 

primarily concerned to explain the observed facts of the affective 

consciousness. The ordinal}' view of (ccling as a more subjcciit'c 

process than sensation (cf. S 34. i) he regards as indicative of the 

central character of its ph>'sioIogical substrate. Again, (he contrary 

^^diiection of tlic will in cflbrt and reluctance points lo its rdatlonship 

^■d reeling, in whose qualities the same opposition recurs (S 40. 3). 

^■Hence it would appear that feeling is most correctly defined as the 

^^m»de of rtadioK of apptrnption ufroa stnsationi. Pleasantness and 

unpleasantness, that is, appear only when sensations are apperccived, 

lü., the attention directed upon them. This vicvL- is further suppoiied 

by the lacl that increase of feeling appears to loUow a similar law 

that of the intensity of sensation (Weber's law), i^^ that feeling 

proportionally to the logaritlim of tlie alTec-tite stimulus 

{cf. I a6). Foir Wundt, as we have seen, regar^ls this law a« a law 

of ap]>crception. — The amimption that feeling arises in the ap^Kiccp* 

tioo of 9ensati(]ns carries with it a localisation of its physiological 

ntbstrate. Wundt places the activity of apperception in a special 
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cerebral organ (ccrUin areas of the frontal lobes); and we murt, 
iherefore. suppose that feelings originate in the interaction of this 
oisaa and the sensory centres. Wundt docs not say how this iater- 
ts to be brought into connection with the two qualities of: 
He calb attention to tlie feci that the various physical 
phenomena which accompany feeling are readily explicable upon 
his theory. 

Q. It must be admitted that Me)-nen's theory of feeling has taxaf 
Ivantiign, despite the extremely hypollietical nattue of certain of 
arguments. Ii enables ns to determine the physiological equivatcntt 
of plexisantness and unpteasuntness with some degree of accuracy, 
and brings the affective tjualities into a simple relalion witli tlie results 
of the method of expression and other facts whid: we have mentioned 
above. The general increase of excitability in pleasurable states, and 
tts general decreaKe in un pleasurable, in particular, may very weD be 
referable to functional hj-petn^mi;t and anfemta. And the prima?)' 
Stage of unpleasantness (an increased capacity of function, at least 
upon the motor side, which shows itself in deep insiwr.-ition and even 
in convulsions) can be easily explained from the point of view of 
the theory-, if we take into account the familiar fact that a stage 
of overstimulation, of abooimal ctcitability, precedes the stage i>f 
exhaustion, of decreased excitability (g 37. 3). But there are two 
feicls which seem hardly reconcilable with it. In the first place, 
pleasantness and unpleasantness appear immediately, as the effects 
of stimuli, simultaneously with the sensations which the stimuli evolce. 
It b not easy to believe that their condition is a functional hyperremia 
or anfcmia produced by stimulation. The alteration of volume, 
pulse, and respiration which the method of expression shows to result 
from pleasant or unpleasant stimuli is produced comparatively :tIowiy, 
wfieieas pleasantness and tm pleasantness (apart from the primai>' 
stage of unjileasantne^) arise far more quickly. We shall, therefore, 
rather incline to regard these changes as the consequences of feeling 
or of its psychophysical conditions. The second fad is the homoge- 
neity of feeling. Fimctional aniemia or hypcra:mia need not by 
any means necessarily extend over the whole cortex or to all the 
sensory centres, but may be strictly localised. Nevertheless, pleasant- 
ness and unpleasantness appear tmable to subsist side by side; and 
we have no simtillaneous experience of different pleasantnesses and 
unpleasantnesses (cf. d, above). Neither of these observations presents 
any difficulty to the alternative Ilicorj-. The homogeneity of feeling 
agrees excellently with the homogeneity of apperception; and the 
feeling which accompanies a sensation in consciousness may be 
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conceived of as onginating at once with its apperception. All that 
this theoiy leaves to be desired is a more exact detennination ol the 
substrate of the specific affective qualities. 
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§ 4a. Definition said Classiücation of CotmecUons- 

I. Our concrete experiencea are always made up of connections of 
the conscious elements. Simple qualities, isolated scnaaiions and feel- 
ings, are products of scientific analysis (§ 3. 5), and their separate inves- 
tigation is only postiiblc by the aid of special methods and under 
favourable gcncta! condition». Even so, the actual experience i» 
practically always complex in character. 

We cannot, however, pass at once to the consider« lion of the« 
actual experiences. Our discussion of conscious connections niust «bo 
travel, for some time at least, along abstract lioe«. Psychology <i) 
has to show that (and how) the connections arise from ihc elements, 
and to distinguish between the tola] impression and its elementary 
constituents; and (U) has to inquire whether the connections are all 
of a single kind, or show characteristic diiTcrenccs, and in the latter 
case to give the reasons for the divergence. We have, i.<., a ftirthcr 
scries of problems for analytical treatment, whose solution is neces- 
sary for the understanding of the concrete mind. 

3. The elements of consciousness are of two kinds, sensations and 
feelings. We may therefore, have connections of sensations with 
sensatioiß, of feelings with feelings, and of sensations with feelings. 
It is evident a priori that these three types of connection 'caniwt 
be of equal importance in consciousness. The qualitative dJifcrenoes 
of sensation are very numerous (§ 34. 1), those of feeling \-ery few 
(§ 35- i)i Slid the fonns and laws of the interconnection of sensa- 
tions will acconlingiy be various and complex, while those of the 
Other two categories of connccliun are correspondingly simple. This 
is in itself sufTident evidence tliat we should be ill adviiied to discuss 
the. subject matter of the second Part of our psychology under ihrcc 
co-ordinate rubrics. But there is another and a more important 
nason for the rejection of a classiticatioa by contents, The doctrine 
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of conscious compoimds ts mainly occupied with eo cucit in^-estiga^ 
don of Uie fonnation and attributes of connections. Our tasb v.-ill be 
»cry gteaily simplified, ihercfure, if we can discover in these certain 
gener»! {leculiariti«» (irtc.ipectively of tbe quality of the connected 
elements) which may serve as the basis of Ihdt broad disünction into 
definite gr»u]u;. The best cla.-«ili cation of connections, (>^ is ft das- 
sijicaiion in tcmis af certain diKlingui.ihing characteristics of tbe con- 
_n«tioDB themselves, — provided always that no violence is done by 
to the ahcrnative classification in tcnns of the quiility of tbe con> 
elements. We have already stated (g 3) that conaedjoD«, 
ied from tliis point of view, fall into two great classes, and bavc 
Imned them fusion and tolligaiio». It is characteristic of the fusion 
ttat tbe elements contained in it are more difhcult of analysis, of the 
eolllgation that (hey are easier of analysis, in connection. Or, to put 
it in different teems: other things equal (apart, i.e., from ibe general 
-conditions of sensible discrimination, and its special laws within tbe 
jptta sense dejiattment), the diaracter of tlie connedioD of compaied 
qualitJGs is of dclciinining influence upon the magnitude and delicacy 
of sensible dinciiminntion. In botli aji]>ectSt it is relatively diminished 
by fation and increased by colligation. 

3. A close examination of the conditions under which the two kinds 
of connection appear in consciousnciss leads to two important results. 
We find (a) that the quality of sensations or feelings is unessential 
for fiision and colligation alike; «>., that the terms really uidicaie 
general peculiarities of conscious conncclion, and arc not mere das- 
•ificatory names, applicable only to definite elements. And {H) we 
discover a simple rule for the cognition of the particular form of con- 
nection in a given ca.ie. The rule is couched in terms of the three 
(or four) attnbute.t of sensations and feelings. It is plain that we have 
. no right to speak of a L-iiniicclioii unless we can, directly or indirectly, 
anaJyse it into its elements. If, t.g., tn-o sensations are temporally 
and spatially indistinguishable and qualitatively identical, u-e actually 
have but one xcn.'^alii^n, though two »timuli may be acting upon con- 
•downess. Nor can we speak in strictness of a conncrtiim of two 
nsations where the two stimuli differ merely in intensity; since stimuli 
vhich axe identical in all other lespocts will ordinarily give rise to a 
sensation. Connection, that is, presupposes a noticeable diffc»oce 
tbe quality, extension, or duration of its dements. Our rule now 
OS follows: if the connected elements arc temporally and spatially 
dentical, but differ in qu.ility, their connection must be termed 
^fiaion; if they diflcr in duration or extension, colligation. Kusio», 
may be briefly defined as a qualitative, and colligation as a 
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temporal or spatial conneciioD. The rule has u further formal ^aluc» 
as transcending the relativity of our general definition of fusion aM^ 
colligation. This tdalivily hiw no practical sigtiiiican«, however: for^ 
giveti equality of conditions, the difTerent facility of analysis of the 
two connections is consuiit and well marked- The general definitioa 
it really relative only in dtc sense that it restricts the dificrimination of 
fusion and colli^tion to cases in which their elcinenis are the sanK. 
It tclts us that we may compare tonal fusion with tonal obligation, the 
fusion of colour tone and brightness with their colligation, etc.. but that 
we have no means for the comparison of the fusion of certain elemefiti 
from one sense with tlie colligation of certain elements from another. 
4. This limitation is another proof of the dependency of ccMudoot 
piooesws upon sensible conditioas (§ 3. 3). The diflerences in the 
senfie organs and their adequate stimuli prevent any quantitative oocn* 
parison of the seni^attona of different sense dcpartracnts. Hence it fl 
was impossible to dctenniac the course of the intensive sensible dit- ^ 
crimination a.i between sense and sense (g 2^. It follows tlial «e 
must here treat uf fusion and eulligutiun with special reference to the 
forms which they assume in dilTerenl sense depaiiinents; we must 
examine separately the fusion uf auditory sensations, tlie fusion ol 
visual sensations, etc. Many of these departmcnis have been but 
very imperfectly explored, and wc shall often be obliged to content 
onisclves with the demonstration of 8 few typical cases of thcpbcno- ■ 
mcna, while reviewing the rest in more summaiy fashion. Again, it 
will be ncccssaiy, when we come to deal with colligation, to set forth 
in txltnso the psychological doctrine of time and space, since «e 
postponed the conaideiation of tlic temporal and spatial attributes of 
the conscious elements (g 4. 10) in order to bring them into relation 
with more complicated phenomena, of the same order. We shall also, 
of course, have to discuss the connection of sensations of different 
senses and of different classes of elements (sensations and feelings). 
Connections of the former kind were named by Herbart (omplicaiioas% 
the sense impressions which rnter Into ihcm wc term itisparate. As 
feeÜLgs arc ordinarily attached to sensations, the connection of sei>- ' 
sations and feelings will t;ikc the shape of fiision. Special fonns or| 
this connection ate dciioicil by tlic abstract terms emotion, impulse^ 
mood, and passion. A comparison of these fusions with corresponding 
colligadons is, directly at least, impossible. We must, therefore, bo 
satisfied either to prove that they have all the characteristics of fusion 
in general, or to ascribe them without proof to this class of connec- 
tions, in order to bring them into agreement with our schema. In 
the Sections on colligation, besides the jiroblems of ümo and sjiacc 
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Ijoned juitt now, we have to discuss the qualitative relatioDi of the 
elemenls given in tc:n[)or.-J ur sputial coniieclion, and especially the 
phenomena of visuul contrust and of what is popularly called 'action.' 
The doctrine nf comptiunds, like that of elements, must begin with 
peripbeially cscited scnsaiiotis. Our remarks upon centrallj' excited 
sensations may in any case be made very brief, sine« Iheir connections 
have been, for the most part, already considered to the special 
Sections devoted to them in our first Part. 

5. It only remains, aßer this ha&ty survey of the contents of our 
second Pail, to explain how we distinguish a connection of conscious 
elemenis from a conaclc mental cxpciicncc. A muxi(.iü motif ox a 
melody has as mucli right to be called a connetiion of elements as 
a chord or a clang; and we can form an idea of a room, or a house, 
or a street, ;i* well a» of a chair or a table. In other words, we 
must attempt to define a 'connection of (onsciüusclemcnis* as regards 
numbci of components, spatial extent, and period of duration. If wo 
do not draw a fixed line of demarcation, the term coimcction will be 
wry vague and ambiguous, and may even, under certain circumstances, 
be coextensive with consciousness itself. Now (a) in the first place, our 
sensible organisation and out capacity of atlcnlion prevent the num- 
ber of elements simultaneously present in consciousness from exceeding 

. u certain finite limit, {ß) The normal restriction of the field of 
^Kision sets a certain finite limit to the spatial extension ofconnected 
^^isual qualities. And (/) the normal interruption of cons^ousncss by 
sleep ($ /8} divides the temporal course of our experiences into sections 
of definite length. But it is plain that Ihe.^c ate not the only limits 
set to conscious connections. We distinguish special combinations, 
particular groups ol elements, within the total conscicnisncse of the 
moment, within the field of vision, and within the waling day. The 
melody, and the chord, and tlie chair, are relatively small parts of 
tlie posuble whole. There must, then, be some special reason for 
the lurtlier limitation ol conscious connections. It appears to be this: 
that certain combinati^ms of elements are effective for reproduction, 
M.e., can .ser*c as inccnti'.'cs to or ax materials of reproduction (cf.§ 30). 
On this view, all the \-arious forms of particular connection» can be 
readily explained. As we have already seen (§ 30. .(). tlie associative 
coherence of elements is greatly strengthened by the rcproductwry value 
of their total impression. I'rovision i^, therefore, made for the dis- 
crimination of these separate connections in consciousness. 

6. Our investigation of the proceasea of fusion and colligation is not 

Cy affected by these considerations. We shall have to inquire, 
I particular case, into their possible dependency upon tlie nuinber, 
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duratloo or extcDsion of Ihe cooaeeted elements Bnt the difrercnce 
beiwMD them persists independently of i\ay such influence. Th^ 
ciuestion of ihe origioalion of separate <xinncctions, therefore, docs nor 
further concern us, since we h;ive »tready discutscd the relatione of I 
centrally excited sensations to each other and to peripherally cxdtcd 
sensatioDt ^ 27, 39—31]. For the same reason, w-c shall not use the 
current icrm idea to denote a connection of sensations, as it merely 
indicates rcprodiwii>ry value and conuins no reference to ihe actual 
process of conncrtion. A qualitative fusion and a temporal or spatial 
colligation of cIcmcnU may equally well be termed ideas, provided 
that they can reproduce or be reproduced ax wholes. It ts evident 
that this qualification does not necessarily attach to either of the con- 
nective pr[>ceases. The (actors upon which the degree of liability of 
reproduction and Ihe effectiveness of materials of reproduction are 
dependent, do not include the characiei of the attributive interconnection 
of elements in conxcinusnes.«. The word 'idct', therefore, contributes 
nothing to the definition uf the uctual connection uf elements, bnt 
merely expresses s consequence of connection which is impurtant for 
the course of thought. — Wmidt hits di$tingui:tlied between apptreeptm 
and atsocialiiv connections (cf. § 29. i), according as the active apper- 

iccplion is or is not involved in the origination of the particular 
processes. But we may defer their consideration, on similar groundt, 
until we come to our Section upon the will (§ 77). 
I 
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Section i. Fusion. 
Chapter I, The Fusios op Acimtory Ssksatioks. 
% 43. The General Phenomena of Tooal Fasion. 



I. There are several reasons for the choice of tonal fusion as die 
principal illustration of sensation fusion in general, (i) In tlie first 
place, it comprises a great variety of special processes, all of which 
have been investigated wjdi some degree of thoroughness. (3) Again, 
successive, as well as simultaneous connections of the separate elements 
are of familiar occurrence within the sphere of tonal sensations. (3) 
And lastly, there is a close relation between tonal fusion and the tonal 
connectiiins whose xathctic effect is displayed in music. We are 
thus in the fortunate portion of having the results of centuries of 
artiEiic jiraciice to compare with the outcome of psychological csperi- 
mentation. Since the introduction of polyphony into mu&ic, a more 
or lei» ^arp line of dbtinction has been drawn between consonast 
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ad dinoDant compound clangs (chords), between hannoaious and 
^inhanDonioiu tonal connections. It is reasonable to suppose that this 
distinction fe based up»n a definite pKvi-hoIogical effect ; and success- 
ful attempts have been in.tde, mure es]>ecially since the work of 
Heimholte, to discover tlic psychophysical foundations of musical funns. 
As a rule, however, the affective value (plea^nt or unpleasant) of the 
cotDponnd clangs, and the phenomena of the sensible connection 
ittelf have not been differentiated with sufficient clearness. We shall 
see that consonance is not identical with agrceablcneas, or dissonance 
with dia^^eeablcncsi {§ 48. a; cf. also g 37, 8). 

2. The pliysi<,^l result of the meeting of two simple periodic sound 
waves, under (iivourable conditions, is their combination to a third, 

^tesultant wave, whose period of vibr;ttion Is eijual to that ol tlie longer 
b( the two comptmcnt waves, and whose am|i!itude is repreienled by 
the algebraic sum of their :im|)lil tides. If this resultant wave strike 
the car, it is not, however, traiiÄmiitcd to the auditor}- nerve a» a total 
movement of definite form, duration, and intensity, but is agnin scpar* 
ated into its primary constituents by the analying appurditus which 
«<C have found to exist in the cochlea (§ 16. 4), and so comes to 
conscioimess as a complex of individual sensations [>]. When a com- 
pound clang is sounded, we always hear, as a matter of fact, a number 
of individual clangs ; and with practice even a simple clang (a con- 
nection of fimdamenial sind overtones) can be analysed up lo tlic 
^-fint few o^-erlonu. Gut the instance of t'le simple dang shows us 
^Htat tl»c subjective analysis of a complex sound wave is not nlways 
^EpOiMibte, an<], indeed, we must say in general that the connection of 
V'slrnultaneouxly founding tones is highly pr^udidal to their separate 
discriminability and cognisability. 

3. It ha« been argued from thisfact (which is characteristic of fusion 
in general: g 42. 2) that a simultaneous connection of tones is really 
sensed, not as a multiplicity, but as a unity. The action of a complex 
sound wave upon the car would then give rise to a sensation quality 
as simple aa that excited by a simple periixlic vibration. The older 
view of the clang colour (^ 14. 4) of different musical instruments 
led, it is true, to the interpretation of the inHuence of vibration fom 
upoa consciousness as due to a s|)ei:ial qualitative colouring. It 
would, therefore, be necessary to attribute to auditor)' sensations a 

P second scries of <)u.ilitics beside the familiar differences of pitch, and 
to include within this new schema of qualitative variation not only tlie 
simple cbng, but all the com|«)und clangs as well. And we should 

1'] Wc alaCitct (or tlip inoinrnt from cittlain ■•iiindst)- «OFCti (bcati or coDclilualimi 
^■>M| *lil^ <!• ordiDuiljr produced by Uio asal4nation ol lioiplo uuod 
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further be compelled \iy the thcofj- to assert that a purpottiDg ana 
lysis of tonal coooections merely presents the appearance of a pct- 
ccptioD of several sensations without its reality, and ts based upon 
familiar assodations which |>iesu]>pode a knowledge of tlie character 
of panicutar ctangs or compound clangs. 

4. But this vie»-, which we may bricRy term the doctrine of unity, 
stands in direct contmdiction to a whole number of facts. Musicians 
are unanimous in declaring the analysis of tonal sensations to be 
original and not simply mediated by association. We can rcsotve 
into its separate constitucnu a compound clang which we hear for 
the iiist time as easily as we can resolve a (amiliar chord. And 
o«citoncs. if heard at all, arc beard in absolute purity, i.f., not al 
all as they are really jnven by inätruuents of 'equal temperament.' 
AH these reasons tell decisively in favour of the occurrence of a direct 
analysis ot tonal connections, al 1e:ist in ceciain cases. Besides which, 
the doctrine of unity as such ij untenable while it is no difficulty to 
the theory of direct analysis that tonal conrnxti«ns sometimes give 
the impression of uidlarincss or simplicity. The combination of a 
number of simultaneously present qualities into an unanalj-sed total 
impression is a possible phenomenon in every sense departmcnL 
Simplicity would accordingly be a limiting case, referable to an ex- 
ceptional intimacy of cotuiectJon or a high degree of fusion. We 
are thus brought to realise tliat tliere arc diflerent degrttt of fusion. 
The lowest degree of fusion is tliat which presents dte least difEculty 
of analysis, and tlie highest dt^ee that which oilers the greatest 
leeistailce to a discrimination of ils primary constituents. ^ 

5. The degree of tonal fusion is obviously dependent on very V 
different conditions, (a) In the ßrst place, it is subject to certain 
geoenti conditions of introspccüon; attention, expectation, practice, 
^tSS^it, etc. (p) But it is also conditioned in special ways by the 
character (quality, intensity, niun'bcr, etc.) of the connected tones. 
All these influences manifest themselves in increase or decrease of 
the degree of fusion. We must, therefore, endeavour to trace their 
effect in detail, illustrating it as far as possible by reference to ex- 
periment. But before we enter upon this task, we may briefly con« 
sider the peculiarity of what must be tailed the fusion whole, the 
total impression as con trad iitinguinhed from tlie separate and separ* 
ately cognisable tones. If tlie doctrine of unity were In the right, 
this total impression would ol net^essity be essentially different from 
die elements contained in it. The fact is otherwise: the fusiun whole 
qipeats always either in the qu»hty of its predominant constituent 
(as, 1^., is the case with clangs, where the fundamental is usually 



taken lo be the quality of the whole impression), or as a ümultancity 

of several tones (as in the compound clang, where ihc separate simple 

das^ excti an et^ual influence upon consciousness). It follow», tliere- 

■fore, tli:it wc need not undertake a »pecial inventigution into the 

^Duality uf tonal fusion. It will be sufTicient, when we are dLscu&*:inif 

^Bie various degrees of fusion, to indicute their individual importance 

For tbe total impression. It follows also and more particularly that 

fusion cannot be regarded as the analogue of chemical combination, 

the projjertie» of which are, of course, essentüdly diflcrenl from the 

properties of its elementary components. Intensity fonns the only 

exception to this rule. 

6. Wc do not make any general distinction between intensive and 

qualitative fiiMon, because the connection of two or more sensations, 

frtikfa differ in intensity but arc in all other respects identical, give« 

rise lo what is really a single sensation, incapable of resolutiim inH> 

its components by any refinement of analysis fcf, § 42. 3), But a 

high degree of fusion of qualitatively different sensation« carries with 

it a resultant intensity, which may be considered us the inten.sity oi 

the fusion whcjle. It is conjectucable a priori that thix resulUnt inten- 

^Bily will »tand in a definile relation lo the intensities of the primary 

^^bprcssioiu. W« may exjiect, in accordance with Weber's law, that 

^POie total intensity will be noticeably greater than the intensity of a 

given component, only when the intensity of all the rest taken tngcther 

is at least equal to the upper diflerence Umen uf lliat component. 

As a matter of fad, it has been found in cxpcriroenls upon the inten- 

PcBtva suppression of a sound sensation by another simultaneous sound, 
'■ftat the stimulus intensities must stand in the ratio 1 : 3 If the weaker 
is (o be just audible beside the stronger. If we translate this rcs;ilt 
into tenns of sensible discrimination as determined by the aid oi sue- 
ceuive stbnuli, it tells us that two sound intensities must be just 
botice^ly differeut whea they are in the projHirtJon of 3 lo 4, or 

I when — = ^. But this is the exact value of the relative dilTerenoe 
Smen obtained in ptevious experiments on the sensible dtscriroi nation 
for sound intensities (c*f. g .15. 4). This relation to sensible dt»crimin- 
Stioo enable« us to state at once the general law governing the 
total intensity of a tonal fusion, wherever the conditions of a total 
mieosily arc realised. The lower the degree of fusion, the more 
difficult does it become to say anything positively of its total 
intensity. 
^^ 7. It might be imagined that the phenomena of tonal fusion itself 
^■caD be simply explained as instances of the intensive suppresaon of 
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component by nunpnnent; that at a total intcna^ is not equal t 
the »utn of the iiiicnsitie* of ihe sepacaie elements (Weber's )aw)^r 
the intensity of each of the connected tones must äuffer, and anui)-ii^ 
be consequently rendered more difficult, Tlie hypoiheiix woukj be 
ioadequatc, if only for the reason that it leaves altogether out of 
account the inQucoce of sensation quality upon tonal fusion, which ii 
demonstrably very considerable. But it b wrong in principle. Diffi- 
culty of qualitative analysis b not by any means identical with 
diminution of tlie intensity of the acu^tions. In certain circumstances, 
a complex of we:ilc sensutinn.t may very «-ell be easier of analjw 
than a connection of intensive elements. The distinctness of a con- 
scions content It not the same thing as its intensity. (Jnfortunatdy> 
we have no systematic investigation into tlie analysis of sensations 
under unfavourable inteniive conditions- But the difference between 
the clearness oi distinctness and the intensity of an impression has 
been clearly brought out of late in experiments upon tlie attention. 
We shall find frequent occasion, in otir review of the various degrees 
of fusion, to inalcc use of this factor of distinctness, and it will 
be seen that intensity is only one, and not the sole condition of 
fusion. 

8. Wc have at present no reliable methods for the mcasuicmcnt 
of the dcgiccs of tonal fusion. Stumpf, who wa^ the first to turn the 
concept of totial fusion to general account in psychological acuustics, 
bases his inferences (■») partly upon his own observation of the total 
impression of different musical intervals, (ft) partly upon Ihe results o( 
ejqKtimcnts made with unmusical subjects. But subjective analysis, 
Iteie as elsewhere, furnishes too uncertain a standard for quantitative 
discrimination; and ex|>criments upon the apparent ntunbei of tone* 
contained in a tonal connection are limited to unmusical persons, 
if the intervals are simple, and furnish at best a merely external 
i-riierion of the degree of fusion. Recourse should be had, therefore, 
to other methods of inquity. (c) An attempt has been made to 
utilise the reaction method in this regard (cf. §§ 69 ft,), Two series 
of experiments were talien, with the major and minor chords as Stl* 
muli; the reaction movement following the cognition of the special 
character of the chord. The reaction-time with the minor was con> 
M^S though but slightly shorter than that with the major. It 
"WW"» to be seen whether litis method is cajiablc of wider applica- 
tion for tlie determination of d^ee of fusion. The general nile 
would obviously be, that the chord which is more quickly cognised 
is the worse fusion, (rf) Another mcüiod of investigation which suggests 
itself is that of the reduction of ihc duration of the compared inter- 
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nto to th« potDt at wliirh analysis is impossible. If this limiting 
duration proved to be dilfctent (or dtßeient intervals, it might be 
made a measure of the degree of fusion, on the assumption that the 
long« the time required for analysis, the higher must be the degree 

»of fusion of the particular interval. But experiments of the kind 
made with tuning-fork tonts upon miisicatly educated subjccls tiave 
not giv«n any satisfactorj' result. Plainly, then, there is great need 
^. in this department of psychology of the elaboration of delicate and 
^Brustworthy methods. Especially would it be desirable {*) to erajiluy 
Klbc qualitative Keusibic discrimination for the testing of degree of 
VlhsiOD. — The fiicts and laws given in the following Sections are, for 
these rcasoT», derived rather Irom occasional observations and the 
niles which obtain in music than from any exact ex]>eriments- 



§ 44. The Dependency of Tonal Fusion upon the 
Quality of the Components, 



1, \Vc have only to <:i>mpare two intervals like the octave 
major seventh to sec tliat the quality of the tones contaioad In 

tonal connection is not indilTerent for the unitarincssofthe imptet* 

Tlie analysis of th« octave, where the vibration rates of the 

tones stand in the ratio i : 2, is extraordinarily difficult, — not 

always possible even fui musically educated |>enons; whPe the pteseoc« 

of two tones in the seventh, where the vibration rates arc in the ratio 

of 8 ; 15, is usually ajgiii-ied even by unmusical subjccis. Treatises 

upon harmony di!^üngui>{!i between t-onsotiani and dissonant intervals, 

and divide the consonances into perlcct and ioipctfccl. Perfectly 

consonant intervals are the octave, the fifth, and the fourth; in vrliich 

the ratios of vibration rates arc i : 2, 2 : 3, and 3 ; 4. Im[>erf«:tly 

consonant are the major and minor thirds and the major and minor 

»ixths, whose vibration tales stand in (he relation 4 : 5> 5 : 6^ 3 : ^ 

and 5 : S respectively. All other intervab are dissonant; more 

particularly the major and roinoi seconds and the major and minor 

sevenths, whcue ratios are 8 : q, 15 : 16, 8 : 15, and 4 : 7. The 

Hdiffcrent intervalt have diiferent affective value:i; diMonanccs are 

^RCitainly \esi pleasant than consoniinccs. But if we refer their dis- 

Kcrimiiuillon not to relative plcasingncs^ or unplea.<ingno.N, but to the 

^degree ot tmilarincss of the total impression«, we may conjtciurc that 

the musical ordet is in essentia] an arrangement by d^rec of tonal 

fuaon. 

2. Slumprs observations are in complete agreement witii this 
hypothesis. He dislJnguisbea five difierent degrees of fusion within 
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the litniu of ihe oclave. Th« highest (a) b that of the octaTc itself; 
then follow ifi) the fifth, (y) tlie fourth, and {*) the pure thirds and 
sixths; wowt of aU (») are the minor Kc%cnth and the Fctnaining 
interval«. It U especially im{K<riant to note that these degrees of 
fusion recur independently of the absolute pitch of the components. 
We may, accordingly, lay it down as a. genera! rule that ihr dtgm 
of fusion of Iwo tones is tonstanl, if th ratio of Ihtir vibration ratet 
ä tonttant. The rule can be easily verified by 3 coinpaT»on of the 
same intervals in different regions of the I0&3I scale. It mutt not, 
of course, be confused with the law of sensible dbcrimination for tone 
pitch. In the one case we have a consianc)' ol the absolute seasiUe 
discrimination within certain limits (cf. § 15. 2); in the other an 
indei>endence of the degree of tonal fusion as icf^rds absolute difference* 
of vibration rate, which rather suggest^^ an analogy with Weber'* law 
(§ 2Ö). But the^e facts of tonal fusion are only indirectly related 
to sensible discrimination, even as detennined by the aid of 3ucc«s- 
sive tonal stimuli; and Weber's law is not applicable lo tliem, if only 
for the rca^un that the dilTerenl intervals present such ran'it^ diiSculty 
of analysis- There Is, however, one point of analog}-, in the existence 
of upper and lower devL-itions frnm tlie fusion law. Owing to the 
decrease of the absolute sensible discrimination, the equality ofdcgtM 
of tonal fusion in the same interval does not extend to the extreme 
regions of the scale in eiüier direction. The same reason accounts 
for die resuicuon of ordinai>- musical usage to a range of some 
seven octaves, embracing the vibration rales between (approximately) 
51 and 4poo. 

3. The degree of a fu&ion is not noticeably changed by slight 
deviation of the component vibration rates from their strict proportion. 
But it seems that the magnitude of the noticeable change b less, the 
higher the original degree of fusion, i.t., that a »Jight misadjustment 
is moic quickly and easily cognised in the octave than in the fifth. 
and in the fourth than in Ihe I'ixth. This law of the inveiw ratio 
of the noticeable deviation to the degree of fusion i» «»nfirmed I»y 
(he results of experiments upon senattvtty for the ]>urity of intervals. 
These were made with tuning fori:«, and the two tones of each interval 
given in succession. In the order from greatest to least «ensitjviti,-. 
the series for one observer, e.g., was as follows: octave, fifth, fourth, 
major sixth, major third, minor third, second, minor Mxth, minor 
seventh, major seventh. The only important difference between this 
list and the »erie» nf fusion degrees is the comparatively high position 
occupied by the second, which may, ]>cThaps, be exptaincd from the 
frequency of this particular interval in musical usage. Further invesUga* 
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may, ptxtsibly, show tliat we have here a key to the quantilalive 
JllHi of tlic degrees of fusKjii (cf. § 43. 8). It should be notioecl 
fht ftl of a fusion degree from a higher to the lowest level, in 
qoencc of giadtial allemioD of vibration rate, appcais to take 
"t^nct at once *'.*.. docs not involve a transition through aU the inter- 
mediate stages. 

4. There remain the intervals beyond llic limiti of the oclave. 

asseiU that the dcgrt-c o( fusion outside the octave remain» 

same, if (be vibration rate:» of the primary tones stand in the latto 

where V is the vibration rate of the lower tone, v^ that of 

the higher, x a simple whole number, and +> — 5i- With j; = o, 

^Bie interval becomes an octave. — If this bw holds, the double octave 

^■l : 4) has the >iaine degree of fusion as the octave, the twelfth (l : 3) 

^^Bie same ax the fifth, the tenth [2 : 5) the same as the major third, 

I etc. But, in the author's observation, these results dn not accord with 

the facts. While the relative tiegtee of fusion remains the same for 

intervals beyond the octave that it is for corresponding connections 

within the octave, all the intervals of the former kind stand upon a 

somewhat lower level of fusion than their less remote correlates. In 

other words, the double oclave possesses a higher degree of fusion 

4haii the twelfth, the twelfth than the tenth, etc.. but the double octave 

in hs turn fuses less well than the octave, the twelfth tli;ui the fifth, 

<tc> No more positive statement can be made :it }>resent of the 

relation between the fusion degrees of intervals beyorid the octave 

and those of connections within the octave. 

I The difference between the various di^riminable At^Kt» of fusion 

seems to increase with Increase of the fusion itself. The difference 

between the fusion of the octave and that of the fifth is considerably 

^eater than the fusion difference of the fifth and the fourth. 

As the different degrees of fusion do not appear to stand in any 
xinifotm relation to the relative dilTcrcnccs of vibration rate, it is im- 
I |)OttibIe to explain the phenomena of this Section by rctcrcncc to the 
^jihyskal composition of the sound waves, differences of tonal pitch, 
^Kr other extraneous facts. Hence we have no choice but to conclude 
^ihal the dependency of tonal fusion upon the quality of the com- 
' ponents ia a problem for purely psychological or psychophysical 
solutioo. 
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§ 45. The Dependency of ToDal Fusion upon the 
Intensity of the Components- 



1. Two quesliotu lall to be conadered under this heading: ihat 
of the inQucnce of the absolute, and that of the iufluence of the il- 
lative intenüly of componcQU upon tonal fiiuon. As n general rd^' 
aheration of itic absolutr inleniity of the piimary tgnes docs t>^ 
appear to aJTect the degree uf ru&ion, provided that their relati*'* 
intentity remains coniilanl. If two tuning-forks, whtuc tones constitu^' 
a definite muucal interval, are auunded at approxinmtdy equal inlcf'' 
xiticH, and allowed to 'die away', there i» no noticeable altcratioa i^ 
the (usioiL The same result is obtained if the resonance boxes tipb^^ 
which tJie twr) forks stand aie closed, or allcmalcly opened and doSB^^ 
by a sliding shutter, care being taken ihat the closuie b eqnall)-**' 
effective in botli cases: the absolute diminution and reinforcenieDt 6P^ 
the intCDsily of the tones are indinerenl for (he total fusion eflecL The 
law b, then, that tonal fusion is independent of the absolute intcnsüy 
of the components. There are, however, upper and lower deviaiiou 
from it (cf. § 44- 3); if the two components arc very intensive 01 
extremely wealc, the clang makes an impresiiion of greater unitanncss, 
and analysis is rendered more than usually dilBniH. 

2. On the other hand, lonal fusion i» to a very considerable < 
dependent upon the rtlalhe inUasily of the components. Thb 
ea-sily proved by expcrimenti with tuning-forks; if one rcsonanco 
is closed, wliilc the otiiei remains open, the clang becomes distinctly 
more unitary, i.t., tlie degree offusioti is increased. And the character 
of the total impression alters at the same time. If the intensities stand 
in the ratio i: i, i.e., if the components are of equal absolute inten* 
sity, ['] the two tones conlaincd in the interval are of equal import» 
aocc in perception; but if the components are of unequal absotut^H 
intensity, the total impression inclines to the side of the more inten-^ 
sivc tone, to that the weaker is more or less effectually reduced to 
the condhion of a mere attribute of the stronger. It gives a certain 
colouring, if the expression be aJIowabIc, to the predominant tone of 
the complex, and the unitariness of the resultant fu-sion b inventely 
proportional to the distinctness of its specific quality within tlic tonal 

^connection.— The most favourable conditions of anaty.sis are, therefore, 
Hlven with equal absolute intensity of the components. We cannot at 
present, however, obtain any exact formulation of tlie taw of change 

['I ll mut bo icmerabDtvd in Uiit cuiiixxtUm l]ii( pfjiiil inUiwiun of toaal ttimuli 
■I« Mt ii«cCHaritr oonduMil with equal iBtnuitiw v( tcnution : cf. % 14. ]. 
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futon degree with vaiialion of the relative intensity of Ihccompo- 
nt tone«. Two que-iUons in jiaiticulur must be left for the future 
decide. We cinnot say whether Weber's law cxcrw an influence 
~«ipon the counte (if fusion change, ur how it is affected by the quali- 
tative diflerence-s alieady mentiuned (§ 44). 

3, (1) The bcHt illustration of an alteration of ton<t1 fu&ion will) 
variation of the rehilive intensity of the coinp)nents is furnished by elang 
*oioiiT (§ 14. 4). The fundiunental in a simple cbng ig ordinarily more 
intensive tJian the overtones, while these again differ intensively among 
tliemsclves. Every musical inslnunenl powexses a specific clang colour, 
and it has been dcmonstmlcd that the peculiarity is due to differ- 
ences in the number and intcnsio* of the overtones contained in the 
clang. It can be easily shown that the fundamental is not the exclu- 
sive deteraiinant of tiie character of the total impression. A clang 
-which is rich in overtones, especially if it belongs to llie lower region 
of the s<alc, seems higher than a »mplc liming fork tune wiiuse pilch 
is the fundanwDtal of the clang. And it sometimes happens that tlie 
fir»i overtone of a clang is subjectively more intensive than the fun- 
damental; we have seen that higher tones in general are sensed aa 
more inten»ve than lower tones of the same vibration amplitude 
(§ 34. 5). Moreover, the overtones of a clang are not all equally easy 
of analysis. Certain of the higher overtones are often particularly dis* 
tioct: thus in the clang of a nue-]>:)>e, whose fundanic-ntal is the t 
of 126 vibrations, the fourth overtone (the t" of 640 ribrations) is more 
easily cognised than the third (the t" of 512 vibrations). It is evident 
that we have in this fact a reference to the qualitative d<^ce of 

_(tisioo. Hence it may be laid down as a general rule that the odd 
abeted overtones, other things equal, are easier of analysis than 
even ntmibercd immediately before them (cf. g 46. 4). 

4. The unitaiiness of the clang has been variously explained, (i) 
Helmholtz, in the first three editions of his Lthrt von den Toiump- 
fytdungm, attempted to accir>unl for it by custoniary asiociation. We 
are accnstomed, he said, to look upon a sum of sensations as the 
sign of a single ot^ect; and the ability to resolve this sign into its 

^—Clements only comes with imperial practice and a grailwJ acqtiisitioo 

^fcl knowledge. The clang of the violin '» characteristic of the violin, 

^■bt Ctng of the piano characteristic of the piiinu, and the tinitarincss 

^Bl'tiiB object suggests a unitary apprehension of its clangs. This 

view is certainly incorrect For {a) it has never been observed that 

the fcfereDce of a clang to an object ceases at the moment when some 

one of its overtones becomes audible, ifi) Again, the muscian, who 

u famiUar with iostniments, is better able, as a general rule, to analyse 
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their clangs than the unmusical person, whos« ignorance may enttrcM 
prevent him from referring a given clang to a particular instnuDcnt' 
{e} Again, it does not follow that because one overtone is atx]il>le. 
all the rest are at once perceived, although the connection of the 
clang b biükcn by the first step in its analysis and its reference to 
an object thereby made impossible, (d) And lastly, the principle it 
in any case inadequate to the unitariness of total impression in a 
compound clang, in which, nevertheless, precisely ihe same phenomena 
recur, with a simple difference of quantity, (ii) Hclmholtz subsequently 
gave up this view for another, in which the problem of the cLng is 
inverted, Instead of seeking reasons for the unitariness of the impres- 
sion, he now attempts to explain the possibility of its analysis. The 
ciplanation hinges upon the alleged empirical fact, that if overtones 
aic to be analysed out of a clang, they must previously have been 
percdved separately. But it follows from wliat we hav-e already said 
of the puri^ of overtones when heard (§ 43. 4) that this rtile is not 
without exceptions; and in any case it would apply only to a portioi 
of tlie phenomena under consideration (§ 47. 8). 

5. (iii) Another view makes the clang the psychical resultant 
Nimiiltaneous nervous stimuli, one or other of which may be brot^ht 
to perception by a special direction of the attention. We need not 
here enter into the question whether this inlcrpretation of the facts 
is adequate as a thcoty of tonal hision itself. It is preferably in 
any event, to consider the clang simply as a particular form or degiM 
of the general phenomenon of fiision. (iv) And lastly, an attemi 
has quite recently been made to explain clang colour by the ascrip- 
tion of an analogous characteristic, tone colour, to simple tones. The 
diSerencc between a dull and a dear clang can only be explained, 
it is urged, by the attribution of a certain clearness or dulness to Iht: 
separate tones. Tone colour varies with tone pitch, and the resultant 
of the colours of the individual tones is clang colour. Such a view 
obviously gives up all the advantages of the concept of fusion. 
The character of the total impression is necessarily diSerent from 
that of the separate components; and a imitariness of certain 
clangs is implicit in the very idea of fusion, since fusion, according 
to circumstances, has all degrees, up to 3 complete impossibility of 
analysis. But the fact that a sensation cannot be qualitatively analysed 
out of a complex of impressions can never be interpreted to mean 
that it is not present: each of the com|hinentA must be imagined to 
contribute a certain .thare to the total impression. All the separately 
imparceplible overtones of a clang contribute something, as tbeir 
intensity and quality allow, to the perception of the whole; and 
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the sum of these conlributions constitutes what we caU clang 
colour. 

6. We are Ihus led by our diacusuon of the clang to the consider» 
ation <>( an important fact of general paycholo^, that of the oo-opera» j 
tion of unnoticed componenLs in tlic total elTect of a connection of 
conscious proccMes. We might, (lethnps, use the woid uncenteiout to 
denote these compunents, and so find a place for the term, which we 
have hitherto avoided, in our description of psychical phenomena. 
Nothing could be objected to this usage if the observations which we 
arc here describing had furnished the sole reason for the originatJooJ 
and application ol the concept. As ordinarily employed, however, in 
iodudes processes, whose very existence is tiot attested by introspec- 
liOD, but which are merely the results or the postulates of certaiiu 
)>lülosophical rcSecüons. Some autliors, e^., have urged the neceasie)!^ 
of a 'puic' pifychology, — and 'pure' psychological expodtion anddls- 
OusioR require the aid of unconscious intermediaries; others have 
interpreiMl the prin<-i)>le of psychophysical parallelLtm to mean that 
iin unbroken cliain of [ayrhi(,il processes must be correlated willi the 
uninterru)>te(l continuum of physical. The 'unconscious' which is 
reached in this way is not only unknown to introspectioD as a specific 
process, but does not cither betray its existence by any sort of modM 
HcatioD of the material of perception. For ourselves, who believe thin 
an empirical psychology must and can hold aloof from the acceptance 
of any saidb metempirical concept, an ' unconscious ' ia only possible 
in the sense of a constituent of 3 connection of elements, which 
contributes something to the total impression, but is not separately 
perceptible. The 'unconscious', in this meaning of the word, is 
characteristic of the activity of two processes, fusion and attention 
(5 76. 3), Jtisl as in the clang the various overtones which accom- 
pany the fundamental combine to form a loUl impression (clang 
colour), the cognition of whose individual constituenbi presents more 
or less of difficulty, so in the consciousness of a given moment all 
those various pnicesses upon which the attention is not directed con- 
stitute an unanal}-sed whole, thebackground, as it were, of the favoured 
proccvs placed at the fixation point oF attention. 

7. Clang colour is not the only normal instance of a dependency 
of tonal fusion upon the relative intensity of the components. The 
same phenomenon can be observed (2) in compound clangs, in 
«hich the simple clanga that carry the melody arc made especially 
intensive. When an air is sunt; to a continuous harmonic accompani- 
ment, the voice stand» out most dearly in virtue of its relative 
intensification, while the tones accompanying it combine to lonn a 
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total impression which is comparatively littl« analysed. We may, 
therefore, by it down as 3 general rule that a fusion it more complete, 
the greater the relative difierence of the comjwnent intentitiei. 
(3) Another instance is furnished by what are called eombinaiicn tcna, 
whii-h are of two binds : diftrtntt tones and summalion tones. The 
vibrution rate of the former is given by the differeixre between the 
vibration rates of the primary tones, that of the Utter by their sun. 
Thus, if two tones are given whose vibration rates ace ^^6 and 3S4. 
we shall have a düfercnce tone of 128 and a summation toneoif6to. 
Both, and the summation loneR in particular, are relntivcly weak. 
Hence they were not di.soovereduntil very late,— the difference tonesin 
the eighteenth and the Kummnlion tones in the present centuiy. Nothi&g 
is known with certainty of their objective origination. Hclmbolti, il s 
true, has shown by calculation that both binds of comtHnatioa tone 
are produced by the interference of tvi-o different tone waves. But we 
do not bnow in what relation these secondary waves stand to the 
auditory apparatus; and the fact that difference tones can be Eairly 

itinctly heard where the primary tones are relatively we:ik is an 
ication th^t the a^ndiiion of their produciiun is not to be looked 
for simply and solely in the fonnation of resultant vibrations, — which 
arc only set up when the primary sound waves are intensive. It has, 
therefore, been recently suggested that the difference tones are in 
reality 6*at Unu, i.t., tones arising from the recurrence of beats at 
a certain rapidity, ßf/iU (§ 14. 3) arc intensive fluctuations, which 
are perceived with especial clearness when the dilTorence between the 
vibration rates of the primary tones is but slight. Their number 
tallies exactly with this difference of vibration rate, since ttie maxima 
and minima of intensity, the waxing and waning of the tone, ate 
ilcjicjident for their frequency upon the periods of the two sound 
waves. If the ditference is increased, the rate of succession of the 
intensive fluctuations will also be increased, and we may ultimately 
have a third tone whose pitch is defined by the ntmibcr of beats 
in the second. 

it. If the nbration rates of the two beating tones are but slightly 
different, we ordinarily hear a »ingle tone which sounds alternately 
stronger and weaker. With a mote considerable difference of vibration 
rates, we sense the separate tones, their beats, and also a new, third 
tone. This tune cannot be termed either a beat tone or a differetKC 
tone, as its vibration rate lies midway between the rates of the primary 
waves. It iippcars tn suffer most of all from the fluctuations in intensity. 
We may conjecture (and tlie conjecture is in acconlance with auditory 
iheorv) tliat the tone arises from a co-excitation of the parts of the 
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Luditoiy apparatus lying midway between the sensory fibres which 
'mbsCTve the pcrceplion of the primary tones. 

In all probability, diiTerence tones are differently originated from 
beat tones. There are various reasons for this vteu-. (a) Difference 
tones arc relatively distinct in consonant intervals which give no 
perceptible beats, ili) Difference tones require for their production 
an equal absolute intensity of the primary tones, whereas a diircrcncc 
of this absoluic intensity is the most favourable condition for the 
foimation of beat tones. It has been similarly conjectured that 
tmuitation tones arc simply high overtones, and not new formations. 
Bat tbc most recent observations seem to show that they are clearly 
audible under drcumsianccs which hardly admit of the origination of 
noticeable overtones. Thus, if the primary tones stand in the ratio 
I : 10, the tenth overtone of the lower clang will be hardly perceptible, 
and yet a tone corresponding to its relative vibration rale. it. is 
heard u-ith com])iarattve di:>tinclness when the two are sounded toi;ether. 
Tliere are alao summation and difference tones of the second, third, 
etc., order, in addition to those of the tirst order which we have 
itiooed hitherto. A diUerence tone of die second order Is produced 
the dilTerence tone of the first order forms a dilTereDce tone 
on« of the primaries. The combination tones of these higher 
Icrs arc not always weaker than those of the first order. Wo 
lot here enter into the further dctaite of the subject 
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I. In the previous Section we confined ourselves as far ai pos- 
ibic to cases of the fusion of two components, although the instances 

a fundamental with its overtone«, and of two primaries with their 
ibination tones, took us beyond the limit of compositioo of the 

iplc musical interval. So far, however, we have only been interested 
to determine the influence of intensity in these connections. We must 
now enter upon a sratcmatic invcstSgation into the changes of fusion dc^ee 
caused by the addition of a third tone, of approximately equal absolute 
mtensity, to tlie two tones constituting an iDIcr^'al. A tonal connection 
whidi consists of more than two simultaneously sounding tones la called 
a diord. It is of eKpcri.il imjKirtance to discover wtiether the infiuence 
of the number of components is dependent U]>on tlte purity of Üie 
•elected tones, in other words, whether it is modified in any way by 
dug oolour. It seems to follow from the observ'ations of Stumpf and 
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of the author, aa veil as Erom the Eacts of musical ptactic«, that thft 
clang colour of the fuodamentaU contained in a chord b oidinarily 
indiSerent. The rule is at least so far true, that the retatioas obtain- 
ing between fusion and Dumber of components in dllTcrcDt compound 
clangs remain relatively the same; although the degree of fusion, 
Absolutely regarded, is usually higher in clangs than in simple tonci. 
This fact simplifies our invesitgaüon very considerably. The probloa 

\ace% itself to that uf the relative modification of the varioiu d^rca 
tonal fusion by the number of coniponenlt. In particular caso. 
where certain ovcrl(ines are very intensive, tlie degree of fusion wiD 
be dependent, of couisc, upon the quality of these overtones, as wdl 
as upon the number of the fundamentals; but such cases arc excqi- 
tional. 

2. If we strike on the piano the notes e-g'^ in the middle le^on oL 
the tonal scale, we have fusions of ociave and fourth for the upper i, 
of octave and fifth for the lower e, and of fifth and fourth for tlief. 
Each of the tones seems mote distinct in this connection than in t}ie 
simple intervsLf t-c' or C'g. On the other hand, g xind c' are heard 
mure distinctly in the interval g-t' than in the chord. It is the same 
Willi the connection /•^-i/'. Here we have fusions of second and sixth fl 
for /; the tone is less distinct than in the interval /-g, and more 
distinct than in the interval /-rf*. For g we have fusions of second 
and (ifth; the tone is clearer than in the fifth g-tf, and less clearfl 
than in the second /-g. From these and similar fads we may draw 
the general conclusion that where more than one interval is given 
a mtan dtgrte of fusion is the result. The better fusion seems able 
partly to compensate the worae, and the worse parUy to oflbet tlie 
better. This fact is uf great importance for rousii-al cITect; the dit* 
sonant intervjLls are made far less harsh by cumbination, ^ind can thus' 
be employed with gre*iter aesthetic advantage. For instance, the chord 
of the sixth, ä-f-g-i (the ordinary inversion of the chord of th«4 
seventh^ shows but little trace of the unpleasant roughness of the ^ 
fusion of the second. 

J. The same law obtains beyond the hmits of the octave that 
holds within it. The combination of several tones or clangs gives rise 
to a mean degree of fusion, the resultant of the fusion degrees pro- 
dicable of the compunent intervals as such. If i!ie number of com-^ 
ponents is at all largely inaeased, an extraneous factor intervenes tol 
prevent analj-sis,— ihe narrow range of our attention, i.t^ our inability^ 
to observe and judge a large number uf simultaneous processos with any 
degree of uniformity. Wc therefore restrict our inquir)- into the inlluence 
of the number of components upon fusion to the simplest case of a coo' ! 
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■ectjon of three tones or ciangs. Here, too, we can naturally hope to 
Bfaopver really salicl law's only when we have made accunitc quan* 
pmSfC meastucmcnts of the degrees of fusion. In all probability the 
■lunbcr of componcnis will t!ien be fouiid to jtdmit of very consider- 
able increase, since the capacity of 3n;ilyst» must be iipccially tested 
for all the separate constituents of the connection. A pnjcctlure which 
might be serviceable in this icgard would con-iLtt in the determination 

f the intensity which a comijoncnt must poKO« if it is to be heard 

t from its connection. At present, the application of any such 

mediod is prevented by the difficuhics in the way of a practicable 

bfective mcn^urement of tonal intensity. 
4. Th« clang, again, lumishcs one of the best illustrations of a 
ioD of several tones. We have already spoken of the influiuice of 

itad^v component intensity in the connection of fundiiraenial and 
overtones {% 45). Bui it is beyond all question that the difliculty 

hkh certain of the Utter pioacnl to analysis is not wholly attributable 
their relative wcalcncss, but is parUy due to tlic high degrees of 
fusion which occur among the overtones tlienisdves, or at least among 
the firat few of them. The ratios of the vibration rate« of fundamental 
and successive overtones arc expressed, of course, by the series of 
simple whole numbers, i: 2: y. 4: 5: 6, etc. {cl. % 14). The first 
half-donrn partial loitirs obviously ttand upon a high level of fusion : we 
have the ocUve, fifth, fourth, major and minor thirds, twelfth, etc 
This abo explains the fact that certain overtones can be more dis- 
tinctly heard than othcn: they fuse less perfectly with the fundamental, 
Uie predominant tone in the clang (cf. § 43. 3]. Stumpf a»crts that 
the degree of fusion of two clangs b the same with that of two tones, 
whose pilch is that of the fundamentals ol the clangs. But the view 
i» not borne out by facts, (a) A simple comparison of an interval as 
given by tlie timing forks with the same interval as composed ol the 
clangs of two reed pipes shows that clang fusion is greater than tonal 
fusion. {9) Moreover, tlie fusion of two clangs of equal pilch of hin- 
damcntiJ but different clang colour Is by no means identical with 
the fusion of two clangs of the same fundamental and Uke clang colour, 
or with that of simple and qualitatively similar tones. In the two 
latter cases, the fuMOn is sinigily intensive, imd it U altogether im]>os- 
sible to analyse the total irupre-tsion into its component^ or at least 

^n the instance of the clan^) to separate the two futt<Lünentabi ; ia 
c 6r5t case, the (untlamentals can be easily held apart in perception. 

n a unison of insininicnts of different clmg colour tite individual 
clangs may quite well be distinguished, despite tlie likened of tlieir 
fundamentals. And a clang octave, in the same way, teems to fuse 




»96 



DOCTRJXS OF COMPOUNDS! FUSION. 



decidedly better than a tone ocUve. ['] AH these examples tell again 
StumpTs view, 

5. Cotopound clan^ arc said to be 'rdated' when the fundaneDtal^ 
of one ooostjtucnt coincides with an ovenoae of the other, when both 
COBUin one or tdotc identical dvcttones, 01 when botlt are referable 
to a common fundamental. In the first two ca*ea ve Hpcak ci » 
Jirttt, in the latlci of an indirtct <l<ing n/aiüiuiifi. The degree Ol 
direct clang TcUtionahip is propordoDal to the number and intensiiT 
o( the coincident ovenoocs. As the intcDsily of the ovcitones de- 
creases with increase of the numb« denoting their place in the series 
direct relationship will be noticeable onlj in clangs the vibration rat« 
of «hose fundamciiUitx are expressible by smalt whole numbcn. Ami 
as the number of coincident overtones decreases nHih Increase of the 
distance of the fintt coincident pair from theii fundamentals, the decree 
of direct clang rcleitionthip will be here determined by thcneamcmof 
the common overtones, i.e., again, by the smallnes« of the cmnbent 
ncprcssing the vibration rates of the two hind.n mentals. Indiroct 
clang relationship is proportional to the nearness of the common fun- 
damental to the fundamentals of the two related clangs. This defiiu- 
tion. again, makes ihc degree of relationship dependent upon Ihe 
magnitude of the numbcra giving the vibration rates of the fimda- 
menlals ; a common fundamental must obviously be nearer to clang« 
whose ratio »2:3 than (o clangs whose ratio i« j : 6, etc. It ii^ 
evident that the series of degrees of dang relationxhip, obtainable by 
these criierii), is very similar to the series of grades of tonal fusion 
referred to above (§ 44. 2). 

6. Indeed, the earlier theorists (Helmholtx [*} and Wundl in parti- 
ailar) have used the principle of clang relationship to explain the 
musical value of consonance and dissonance, harmony and disharmony, 
with or wiiluiui simultaneous reference to the unpleasantness of the 
beats in diiKonimt intervals (d § 48. 2, 3). But Uiere are several 
indications that it Is not adequate to the phenomena, (i) The 
consonance or dissonance of simple tones, and of clangs of different clang 
colour, is precisely ana]<:^u.-( In tliat of clangs uf the same instrument. 

[*] If lunlng loiia «re rmtA, 1 ain alinjn >ble to togniie Hi« two toBi« io Uib in- 
tprral ol ihc odaM. wbUs I am lomFtlma dccdved by cUngi wltb Dumnren* otn- 
(oDciL Thlt !■ pcTiectlf natural, lincD Ihe tnH ovciUdia In ■ cUdk u th« octar« of the 
fiiatlampntaL w that when the odaTe <l^itg u givrn, thii Ovcilone temeiolf intnuifiod, 
-ADit no nrrw quality Introduced with the total impinilan. 

1*] It it iirrloiBnt to the conn« of the pmrnl itlicuHlon that the two ilrftiw «f 
<:tan|- Kl^tinni^ip recogniird by nelmhoLti are only partially Identical vith Ihoeo di>- 
linguiilKTl liy Wiinilt (who ii foUowrd in the text), asd that Uetisholla omployt Iheni 
phadfaHj lor the oijilasatian of clai;g acqaence. 
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can hftnlly be explained by Uie rules of clang relationship. We 
ihould expect, according to them, ihat intervals composed of pur« 
i, and consetiuertly containing no common overtones, would cithei 
not be consonant or dissonant at all, or would differ radically from 
dang tntcT\-a]:« in their musicnl effect; and that clangs of difTcrent 
dang colour, whose overtones differ in oumber, quality and intensity, 
«■ou]d iraiy vcr>' considerably in their harmonic or dishannonic 
charactei. As was said above, this is not the case, (ii) The series 
of fusion grades is nol in complete agreement with tlie series of degrees 
of dang relationship ; and if tlic intcr^-als about which they differ arc 
judged by the standard of musical importance, tlie fusion series un- 
doubtedly has til« advantage. Tbua the clangs of the twelfth arc 
more closely related Uian those of the double octave. In the fotraei, 
the firBt and second partial tones of the higher clang coincide with the 
third and sixth of the lower; in the latter, the first and second of 
the higher with the fourth and eighth of the lower. On the other 
band, the double octave possesses 3 higher degree of fusion than the 
twelfth. And there can be no question that it is regarded in music 
as the more consonnnt inlcrvaL Or again: there is scarcely any 
difference in clang relationship between the clangs of the minor third 
and (bose of the minor seventh. In the former, the sixth partial tone 
of the deeper clang coincides with the fifth of the higher ; in the 
latter, tlie seventh partial tone of the deeper with the fourth of the 
higher. But the minor third is a distincily better fusion thait the minor 
seventh. Here again, musical harmonics are on the side of fusion, 
(iii) Lastly, the degrees of clang lehiionNhip. and more particularly 
those of indirect idadonship, seem to be intellectual constructions rathci 
than sen^ble relations. A.s Üiere ure no such tilings as undertones, 
the oonunon fundamental, the neamesi or remoteness of whid) deter- 
nines the degree of indirect rlang rel.itionship, can only be given as 
a difference tone or as a concomitant tone sensation associativcly excited. 
These tones are invariably too weak, as the common overtones also 
very freqtienUy are, to funiish a satisfactory theoretic basis for the 
obvious differences of harmony and disharmony. 

7. An espcuial importance attaches to the two great chord systems 
Lt pre-sent employed in polyphonic music, the major and the minor, 
', as they were originally called, hard and soil (Getm. dur und 
tf). A* nt first applied, üiese names did nol refer to a difference 
the compound clangs, but were simply different terms in musical 
icnclaturc, indicating a difference of scale. The sequence f-g-a-\b 
[A dumai) was designated bard; and tlie sequence /-f^-f A (^ me!U\ 
toft It is evident that the two words were primarily used in quite 





diSeicnt mennings from ihoite wliicli they bear in modem music; and 
it is importiint to keep Ihis fact in mind when wc aiC templed U> 
draw an infcicncc from t}ic original names to the character and 
musical effect of the choids. If wc compurc the pure sensible rela- 
tions of the major chord, t-t'g, with those of the minoi cfaoid, 
f^g, we find as a matter of fact, that the total önpressioa is har^io, 
test 'Hoft', in the latter case than in the former. The minor chocdb 
evidently a worse fusion than the major (cf. ttie results of experiments 
upon their leactiDn time», quoted above, g 43. 8)l On tlie rebtioa- 
ship theory, this diäerente of major and minor is referred to the 
diflcrcnrcs nf direct and indirect relalior.ship. The ütst common 
overtone of e-*-g u the ninth overtone of g, »>., lies three octaves and 
ft third above the fund;imcntal of the highest clang. The Ürst common 
tMitonc of c-'Te-g is the third overtone of g, i.*., lies a double octave 
above it. The disianccs of the common fundamentals of the two- 
chords from ( «iland in the reverse relation. As the degree of direct 
clang relationship is ordinarily more important than that of indirect, 
it would fitllin« that the minor chord, whose clangs arc more closely 
rebied directly, It the better harmony. This conclusion, again, is not 
borae out by the &cts. At the same lime, the laws of tonal fusion 
do not either furnish any valid ex^ilanation nf the diäcrcnce of major 
and minor, except on the assumption (whi<:h is no more than an 
assumption) that the serial order of the degrees of tonal fusiijn, *>, 
the pilch of their sq>arate corajKincnts, has a determining inßuencc 
upon the total impression. For we have precisely the same grades of 
fusion in the connection C'^t-g that we have in the major chord 
(•t-g. The only difference is, that the minor third comes hist in the 
minor, and the major third fii^ in the majot. The assumption 
would, therefore, be that the degree of fusion of a chord varies witli 
the positii)n of its constituent degrees of fusion within the tonal 
scale; decreasing when the worse degrees arc the lower, and incicasing 
when ihey are the higher. 
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§ 47. Other Conditions and Fbenomcna of Tonal Fuaioa. 



I. (i) {a) The analysis of a conncaion of two tones is so far 
dependent upon the disianet which separates them upon the tonal 
scale that their disci im inability ceases at a certain lower limit of dif- 
ference of vibnilion rale. It is noleworlliy lliat llic difference limert 
is consid(^rably larger lor simultaneous than lot successive tones. In 
this regard, however, iiidividu;il difTerences are esjieeially marked. Un- 
musical persons have been totmd who were incapable of analysing 
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in interval compose^] ot two tones more than an oclave ajiarl. It 
FpanfTT,. of cüucse, be said without qualiHcaticm that the facility o( 
pnitfllll or twii tonts b (lirixtly projiortional to the diHerence between 
nem. Sudi a rule would not be rccuncilable with the existence of 
qualitative degrees of fusion (g 44. 2, 4). Here as elsewhere, dilferent 
factors crow one another {cf. g 46. 4), and iheir special influence 
cannot always be Iniced in the parlirular case. At the Kime time, 
the fact that the qualitative sensible discriinination is diniinbhcd when 
the stimuli arc simultaneously given points uneqtuvocally to the valid- 
■ity of the general concept of fusion. 

2. Many persons hear tlic same tone differently with the two cais. 
although they remain ignorant of the fact as long as the dißercncc 
of quality does not exceed a certain limit. The alioomuiliiy (Jipla- 
aait) may be reatiiotcd to a single ear, may be transitory ut chronic, 

id may be confined to definite parts of the tunal .tcale or co-ex- 
lensive with il. Stumpf found llMt the dilTerence between two tuning 
forks held to the two eats might be increased l(f twelve vibrations, 
if beats were avoided (1.*., if the tones were kept at a toinpaialivdy 
low intensity), before the dificrence of pitch became noticcitble. Th« 
purity of the impres^on was not markedly impaired until the dilTer- 
ence had reached twenty vibrations. The limcn in the middle region 
uf the tonal »citle (where the expeiinients were made) would accord- 
ingly amount to sume sixteen vibrations, i>.,. would be about fif^y 
times as great as the lime» for successive tunes. The absolute sensible 
discrimination appears to decrease cuntinuoualy under these conditions 
with increase of pitch, while the illative increases fmm the lower 
to the middle region and decreases from llie middle region upward. 
It b very desirable that the observations should be systematically 
repeated. ['] A curious point which they have brought to light is the 
&ct Uiat the dUcTimination of simultaneously sounded tones which lie 
imr one another on the scale is easier with clangs containing niuner- 
overtones than with simple tones. This divergence from the rule 
^{| 46. 4) must probably be referred to the mediation of noticeable 
difTeiences by the more intensive overtones of the clangs. 

3. (6) Under tlie head of ipalial rtlaticnt we may consider the 
dependency of the analysis of a tcmitl fusion upon the localisation of 
its separate components. We have, of course, no auditory space in 
Ac sense that we have a visual and tactual space (g 4. 3); the spatial 

lenent in an auditory perception is simply an as-i'^riatively aroused 
idea of the tiircction and distance, i.(., of the locality, of the source 

[■] Occaiioiul Dilwriiiienti of my &Hn lum uffordrd a convral confiiinatlaa ä( 
9tBID|ir* tntilt*. 
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of sound. ThU idea may be definitely visual or tactoat; oc it may 
be the unanalyttd Kubstrat« o( an 'iounediate jud^ont' (ct § 62. 2)» 
As difference ol locatisution does not cany with tt an actual spaÜM 
separation of tlie tones, itt influence nuy very well be invesiigated^l 
witliDut prejudice to tbe chaiactei of tlie fusion as such. The nsnll^ 
of inquiry is to put it beyond all doubt Uiat the wrudysis of a tonal 
fusion b gieally facilitated by a dißerent localbation of its componcnu. 
Thus, wc can follow the Kii.nnitc clangs in orchettial music much 
more easily if we have our eye« fixed upon the iiatnimcnt from which 
they proceed, while in the absence of any such artificial aid loanalysü. 
t^., if the eyes are c1o§ed, the hannonic imprission of the whole is 
far more vivid and distinct. Stumpf had an unmusical subject, wbo 
abnosi invariably judged two piano tones to be one, bowevcr wide 
their separation on the scale and however dissonant their character; 
lliough witli successive stimulation by tones talten from tlie middle region 
he could generally fonn a correct »timale of the dilTereiKe of pitch. 
If two forks were held to his two ears, lie could cognise the separate 
tones in all interrals greater than the major third. It secffled, there- 
fore, that sensible discrimination was assisted by divergent localisation. 
Wc cannot, however, say with any degree of certainty how far this 
whole phenomenon was due to direction of the attention, or, codsc- 
qucnlly, how far it is attributable to divergent local Liation. 

4. {() Two points call for notice under the nibrfc of femfwral 
rtiatient. (i) In the hist place, sinmltaneily of the components in 
consciousness is the eondilio tint qua non of fusion in general, (ii) Tlic 
dq>cndency of fusion upon the duration of the tones has not been 
thoroughly investigated. We know that the qualitative sensible dis- 
crimination is essentially determined by the duration of the tonal 
stimulus (§ 15. 4). As a general rule, two vibrations are ococssaiy if 
the impression is to be anything more th^n that of a mere oois«. 
and about sixteen if the clearness of the tonal perception is to be 
maximal. These facu must certainly be of importance for fusion and 
analysis, [it) The inHucnce of partial tonal thange, i.e., of continuous 
or duidcte intensive and qualitative v.-wiation of a tone or dang with- 
in a connection of tones or clangs, is similar to that of diRereitccs 
of localisation. Everyone mu.it have noiioed how strongly the attention 
is attracted in a concert by the voice which carric* the melody. The 
singer's voice, even if i:om])ariitivcly weak, can be heard withoi 
special effort above a full orchestral accompaniment, in passages wh 
it alone has to rise and fall, to execute trills and runs. The fact tha' 
the same voice is obscured at once, if it is allo«-cd to rc&t upon a 
single note, shows that the phenomenon b not wholly ciplicable 
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^■Bere alteration ol the degree of fusion. Nor is it a simple consequence 
of the analysing function of the attention. Ii is liaMly possible to 
single out the particular voice bom a steadily continuous compound 
dang with the utmost strain of (he attention. But let the vuice move, 
while the accompaniment remains sUttionary, and the alteinpt will be 
immediately successful. Partial tonal change, then, must be regarded 
ss an independent factor in fusion analysLi. 

j. There Is, therefore, a. good psychological reason for the musical 
nile duti the voice which carries tlie melody shall move dilTcTcntly 
from tl»c clangs which form the iiccompaniment. Wheie, for some 
cause, the tempo ol both is precisely simihir, the melody is marked 
oR from Ütc comomitant hanoooies by a relative intcnsißcatioii of its 
tones. — Another ob^ctvation which belong here is the following. The 
TtßtsUd tonfi which wc notice in passing by an echoing wall or walkiDg 

»through an avenue of trees, etc., aic more distinct if the distance of the 
letlecting surface varies, i^., if the tones tliemselves are subject to 
tlighi alteration of intensity and quality. It is a probable conjecture 
that the Omids and Dryads of mythology had their origin in the 
obiCTTation of these reflected tones. Diflerence tones abo become 
more distinct when the primary tones are subject to .tlight fluctua- 
tion, aod they themselves consequently undergo qualitative alter- 
ation. 
H This influence ot patti.1l change makes itself lelt in other sens« 
^nepartments : the relatively mobile constituents in a visual idea, e^., 
Hate more easily noticed than the relatively stationarj- components. 
^BWe may, therefore, look U|x>n it a^ a principle ol general psychologi- 
^cal importance. It is not im]>iobable that the conditions of its origin- 
ation lie Eai back in the course o[ (irganic evolution. 

»6. (2) Wc pass now to a brief discussion of the jM^ro/ conditions 
ol tonal fusii>ii. i,d) Most imporlaat of these la the aUenlion. The 
influence of attention upon the |>erception of a sensadon complex is 
ordinatily «tatcd a.t though its function were exclusively analytical. 
Now there can be no doubt that the direction of the attention upon 
the particular tones in a compound clang it the most favourable and 
Ifae most frequent condition of thdr individual 3nal>'sis. But attention 
vill serv« equally well (in the author's obscrv-ation) to intensify or 
focus the total impression of the fusion, to bring the given interval as 
such more vividly before consciousness. It is, dierefore, as inoorrect 
to ascribe a purely analytical function to attention a.« it would be to 
look upon all analysis umply as its effect. The question before tub 

E" igly the question of the actual nature of the influence of 
1. We vrill look at a few typically diflcrcot cases, and attcm^^t 
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to abstract from tliecn a gCDeral idea of the operation of this factor. 

7. (i) The first »sc to mention it that of the analysis of particulai 
tones 01 clangs. Wc make an cfTorl, pcrliap«, to distinguish one of 
several cqiully intcnsiii'c clangs. If all are weak, wc notice tliat the 
coDsiitucnt to which the attention b turned is intcn^fied. If all an 
modcialely slrong. it is again rclativcl)' intensified, though not aba»- 
lutdy : it seems rather thai the other tones or clangs, upon whith 
llie attention is not directed, arc weakened. Where the coruiiluents 
are of unequal inlensily, it is possible by concentration of the atten- 
tion upon a weaker component to make it »land out against the 
stronger, — again by way of a iturkcd intenxiTication. In this manner, 
individual overtone:* can be analysed from tlie clang which eoatains 
iliem, and succctsively brought to coiudousness. Tlie analysis b , 
facilitated by the chuice of a definite order in which the ov«rtoaM ' 
shall be taken, (ii) The xecond case which wc have to mention con- 
»sts in the attentive perception of a tonal connection. If a note is 
struck upon the piano, it is possible (in the author's experience) by a 
suitable direction of the attention to single out whole inicrvals and 
chorda from among the overtones of the clang. Here again, the tonal 
complex which Is sjwcially distinguished seems to be relatively tnten* 
siHcd. On the other hand, it is exceedingly eaay to bring out the 
total impiKuion uf a fusion by aid of tlie attention, if any special 
direction of it upon particular constituents i» avoided. The most 
striking fact here is that the whole as such obtuns an incteased 
capacity of reproduction, i>., that it becomes cfTcciivc for icproductioii 
88 a unitary Idea. The influence of attention is thus seen to be exer- 
cised In two directions : it may either relatively intensify the particular 
constituent upon which it is directed, or increase the capacity of a 
constituent or of the total connection reproductively to determine the 
course of ideation. 

8. (4) The influence of ptattkt and faligue must also be noticod. 
Practice, like attention, may be operative in cither dircction^to &ctli- 
lale the analysis of a fusion or to prepare the way for the apprehcnsioa 
of the total impression. Wc have already spoken of the great im- 
portance of experience, of familiarity with the individual tones, for the 
analysb of a claog or compound clang, and of the hypothesis suggested 
by it— that the constituents of a tonal connection, if thoy are to be 
distinguished at alt, must previously have been perceived separately 
(§ 45- 4)- "i^^ tlieory is no more adequate than another, wbidi refers 
case of analysis to a reproduction of similar sensations. It is ratlier 
true, as a general rule, that practice assists the :ipprchcnsion both of 
sensations and of their connections, the separate or conjoint pcrccptioa 
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of simuluneovs impressions. The assistance consists, ptimarily, {q am 
increased bcUily and accuracy in the assignment ol the material of 
perception to its place within the circle of ideas, present or available 
(ct. I 5. 9). We must distinguish between general and ^tpedal practice. 
General practice does not of itself qualify tlie hearer to imderstand 
and accept the novel and strange chords which modem composers not 
I infrequently employ to the surjirise even of the musical ear. f'atigut 
is apt to retard the work of analysis. It is far more difltcult to dis- 
tinguish the individual tones in a clang or to reduce a compound 
' dang to its simpler constituents when the mind is fatigued than when 
t il is fresh. The effect of fatigue, therefore, seems to be restricted to 
the increase of fusion d^ree, to the reinforcement of the unitarinesx 
of the total impression. 

9. {(•) Expxtalioit and Ilabiluation. — Expielation, in the seme o( 
a preparatory attention to partioular comjioueiils of a coming total 
iinprc^iion, is a futtlicr aid to analyhiis. It very frequently takes the 
^_form of internal song, i.e., the soundless innervation of the larynx to 
^^Be position required for the ])roduclion of a certain tonal quality. 
I Some psychologists have supposed that the recoDertion of tOTics i* 
I altogether dependent upon the occurrence of this motor excitation. 
The hypothesis affords another instance of the exaggerated emphasis 
I of a idngk important condition (cf. S, above). We find no diffictilty 
' in recollecting tones whose pitch fer exceeds the limits of out own 
singing voice; and ton« are far less accurately discriminated by help 
I of the voice than they can be by memory. Equally untenable is the 
■view which makes the function of the Itnsor lympani ox ttafudiia of 
«letennining importance (or expectation. It is quite true that strain 
wenaatioas of more or less distinctness are aroused in the ear under 
the induence of expectation. But an accurate preparatory attention 
to tones of determinate quality is found to be compatible with absence 
<^ the tymjvuiic membrane. Expectation also serves to bring the im- 
pression of the harmony as such into clearer relief. Here ugain, ».*., 
it manifests itself as a particular form of the attention; capable, like 
attention itself, of inflxit-ncing tlie perception of a tonal fusion in both 
directions. Habituation has a precisely similar effect. It lends an 
added distiiKtncss to the total impression or to the individual consti- 
tuents of a connection, according as one or other has been the object 
of repeated judgment or perception. A particular consequence of 
habituation is the formation of s tendency to mediate judgments. If 
«e know the composition of a compound clang, we say at once that 
il is a combination of simple clangs, without having actually analysed 
üie seruible lelMloos in the paiticular case. 
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lO. (j) It only rcDOfiins to call attention to certain ptftiltaritia 
Ike impresfion produced by a tonal fusion which have not been lefemdl 
to in the previous Sections. Stumpf asserts that the pitch of aateadiljr 
continuoua compound clang \s tlic pitch of jta lowest tone, even Ihoqgh 
this is not absolutely the most intensive constfluenl. Thiis, If (be 
deeper toae in the ocLave be suppressed, petception seems to iptiag 
across to the liigher tone, whereas the silendog of the higher note 
malces no essential difletence in sensation. The phemmientm recnis, 
thin^;h less distinctly, in other intervaLi, in direct proportion to ihcii 
fusion degree. — As a matter of lact, the rule only huldü (in the 
author's cxperifmcc) for s^tiiiiulation by diingx conuiiniiig; numerou* 
overtones. The supprfitxiini of tlie fiind:unent;il dirng u naturally lar 
more prejudidal to the total sensation efTert than the nlt^dng of ; 
higher clatig, whnite fundamental coincides with some more or 
distinct overtone of the lower. It is, however, noteworthy in 
legard thul where high and low tone« are sounded ti.igrtbcr, the 
sufler more by a rebtive intensiftcalion of the low than vitt vtna. 

Again, the apparent diBctence of pitch between the components 
a connection varies with the nature of the interval which it rcpreseBl 
As a general rule, the distance betu-ecn Wo tones seems to be lessened 
when they are sounded togeilier ; but an intciral of low fosion degree 
and of sli;<ht difference of vibiatioo rate may appear larger than one 
of a higher fusion degree and a greater objective difference of com» 
ponenis. To an unmusical ear, e.g., the second msy ap|>ear larger than 
the third, and the third than the fifth. It is plain tliat ease of ana- 
lysis is here made the criterion of dilTerence. — The influence of fiision 
npon sensible discrimination is also seen in the easr with which clangs 
or noises of indefinite pitch accommodate themselves to other impressioDi 
of more definite character which arc given with them. Orchestral 
muac crnploys only two koidedrum clangs, which arc a fifth ap:ut. 
The di^isonanccs which inevitably arise (as they do with the triangle 
and the bass drum, for similar reasons^ arc rarely remarked, became 
the compensatory influence of fusion reduces the differences for 
perception. 
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I. Very different prindples have been adduced in explanatH») of 
the facts set fortlt in the present Chapter. Before it n-a.i recognised 
that the musical relations of consonance and dissonance, harmony and 
disharmony could be brought under the general rubric of fusion, 
theory was simply concerned to account for the agrecablencss or dis- 
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agrcesblenCM cl th« various intervals, ot to deduce tlie diSetences of 
mmica] concord from purely intellectual oonditions. Thus EuIct spoke 
of an nnconsdoui cotuiUn^ by the mind, and believed thai the sim- 
ptkily of the numben exptesaing the relative vtbcation rates of the 
tones in different inten'iüs exercised a definite influence upon their 
perception, their haRuoaic or inharmonic tmpression. This view lias 
been recendy revived by Lipps, who seeks to g;ive it a psychological 
foundation by instatKing the facility with which two movements can 
be executed together when the rapidity of one is a simple multiple 
of that of the other, and the rapidly incica&ing difficulty prcHcnted by 
inore comphcalcd ratios. The nature of an interval as bamionic or 
inharmonic is thus dcEcnnined by some sort of tmcoasciout mental 
tcacijon upon the simple or complex relations of its component vibra» 
tkm rates. 

2^ It b evident enough that the affective value of the diOereot 
intervals was the ßrst consideruüon in the framing of this 
But it does not enable us to give any quantitative «xprestion 
to that value. The analogy of the execution of movemenLs in different 
rhytluns breaks dovm as soon as we attempt tn apply it. For if it 
beld, very considerable difficulty ought to be experienced even witli 
the ratio 2 : 3, and this considerable diSiailty should quickly become 
excessive with increasing complication. This is not confirmed, of 
course, by the actual picasingness or displeasingness of the intervals. 
And the hypothesis is inadequate on other grounds. It makes no 
attempt to explain the different sensible relations of the jierfcct and 
imperfect consonances and of tlie dUsonances. The connection between 
latki of vibration rates and musical effect, upon which it insists so 
strongly, w at most the postulate of a theory, not the theory itself. 

Very much the xamc m;iy be sjiid of the theory proposed by 
Hdmhohz, who makes the presence or absence of beab in a fusion 
gf düfcTcnt tonal qualities the aiuse of dissonance or consonance. 
A flickering light, an intermittent cutaneous stimulus, and the tccui- 
lenoe of beats in more or less rapid succession are all unpleasant. 
The objection has often been made that oven if the explanation hold 
for dissonance, the deBnition of consonance remains purely negative. 
It b a more fundamental objection that the real problem has been 
altogether mused. Consonance and di^äonaace are not used primarily 
to denote the pleasant or ungileasant effect of a compound clang, but 
to itpccify the peculiar inlerrelutions of sensations, i.t., the tmitarineas 
or diversily of their tola) impression. 

3. It was soon realised that explanations of this kind were inade- 
quate to the great varied of musical effect. Subsequent theories have 
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for the most pait drawn a sharp tine of distinclioD between eoi 
and dissonance, od the one hand, and harmony and däharmony 
the othei, and have applied the principle of dang relationship in thctr 
explanation of the bttei. It cannot be denied tltat the priodpl« affords 
a real theory of muiical harmonics, and a theory which covers a 
brge projxirtion of the fac\i. But we have already shown that it, 
too, miMt be pronounced inadequate (g 46. 6;. Stumpf was the fint 
to suggest tliiit the muitical cat^ones had tlidr psydiological basb in 
the phenomena of toniil fusio« f§ 4j. 8). On tliis view, ii is un- 
nc<'rw;iiy to ciiiplia^ise tlic dutinclion between consonance and harmony 
or dUsonnnce and disharmony : both may be regarded as simultaneons 
connections of tone*. — The influence of beats, again, cannot be dis- 
puted. They lessen the aflcctivc value of a compound clang and 
destroy the unitarincss of its total imprecsion. But they are not 
necessarily implied in disgonancCi a« is shown by the simple observation 
that equal degrees of dissonance may be connected with a very 
variable number and intensity of beats. And where a tone is heard 
differently by the two ears {diplafmts), the degree of dissonance is 
not diminished, although beats arc altogether absent 

4, We find mention of the fusion of tones in Herbatt's psychology. 
But the Herbartian concept is of metaphysical origin, and has a quite 
different meaning from that which we have given to the word fusion. 
When sensations which belong to a single continuum meet within the 
mind, Herbart says, they fuse with one another more or less intensively 
according to their degree of opposition. This degree of opposition is 
defined in terms of the semi-tones of the tempered scale {% 43. 4). In the 
octave the relation of the components is that of complete antithesis, 
and the degree of fusion '/i« {the chromatic scale contains tweh-e 
tones within the octave). The degree of opposition in the remainii^ 
intervals is expicued by a fractbn, whose denominator is the number 
of semi-tones fram the fundamental to the limiting tune of the intcr^-al, 
and whose numeratot is llie number of stqis between this lone and 
the octave of the fundajnental. Herbart is thus led to the curious 
result, «^., that the degree of opposition in the fiftti (expressed by V») 
is seven times as great as that in the second (*/io = '/t). Since fusion 
is inversely proportion.i! to opposition, the octave b the worst and 
the second tiie best fusion. It is unnecessary to bring evidence for 
the statement that this entire view is in direct contnuhcuon to the 
facts. Herbart has obviously confused two processes which we have 
learnt to keep sharply distinct, — sensible discrimination and fusion. It 
is true in general that the discriminability of successive tones increases 
with increase of the distance separating the qualities upon the tond 
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scale. But in fu«on other influences are at work, whidi largely 
<ximpensatc the diffeiencca of vibration rate. 

5. It might be conjeirtmed, from a purely psychological standpuJnt, 
that the xiinil:iTity of two tones or cbngs '\% tlie condition of th^ 
(uiion. The rule would then be that tlie separability of two contents 
amultaneoiuly present in consripusness is invrnjciy proportional to 
their degree of similarity, nittc can be no doubt that this view i» 
inpltdt in the principle of clang rclation&hip : community of fundamental 
or of certain overtones simply expresses a certain similarity between 
the related clangs. But the theory of similarity, in this sense of 
partial identity, cannot account for the fusion of simple tones. 
Similarity may, theiefore, be given a diflerent meaning, which can 
b« best illustrated, perhaji», by reference to tlie oclave. No one will 
deny that two tones whose vibration rates stand in the ratio i : 3 
malce a very similar impression on consciousness. Whether a succession 
of clang.>i be played in a higher or lower octave makes vcty little 
difference to their perception. But on the other hand, there are no 
distinct degrees of similari^ within the octave. And if it is suggested 
thai the degree of fusion is a key to the degree of »milariiy, the 
question arises whether similarity is the condition of fusion or fii«OD 
the cause of the Impres-iion of similarity. 

6. In view of the difhculty which thus attache» to u purely psy* 
cbolugical exi)lanation of the phenomena of fusion. Stumpf has insisted 
upon the necessity of a psychophysical theory. And the dependency 
of tonal fuxbn upon the quality of the components seems to justify 
h» contention. The effects of attention, the influence of relative 
intensity, etc., refer us to conditions which obtain for all forms of 
oomcknis contents as simultaneously presented. But we have seen that 
the influence of the component qualities is shown in the appearance 
of wholly specific differences of fusion with alteration of the ratios of the 
vQ»ation rates of the exciting stimuli in a definite direction. Stumpf baa 
■accoidiDgly »et up a hypothesis of spttifte lyntrgy. There is a .ipecific 
Synergy f(>T the octave, the fifth, the fourth. In short for all the different 
degrees of fusion, and its condition is given witli the uraultaneous 
ooconence of two specific excitations subserving the sensations of the 
tones composing the interval. Nothing more is gained by this formulation 
than the embodiment of the postulate of a ps}-chophysical theory in a 
single phra-se. In ttie eidsting state of our knowledge it seems tmpos* 
lible to read a concrete meaning into the notion of 'specific synergy'. 

Utvntsre: 
C Smmpr, TonpiyekelegM. VoL iL, 1690. 
CC tb« Iheranue dt«d uoder § 16. 
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Chaptkr II. The Fusiok of Othex than Aoihtort Sehsations 
S 4d' l^c Fusion of Colour Tone and Brightness. 
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1. Tb« view that a colour impicssion is at least as simple i 
as an impression of white or gray or black, which we ßnd current 
the older psychologies, has in modern times given way to the connc- 
tion that every colour contains two qualities, a chroinatk and 
acbcoioatic. Still moie recent is Llie iccognition that alteration in ihe-^ 
brightucss of a colour cannot be termed an alteration of its intcnatf, 
except by an application of llic word intensity in a sense foreign to 
its usual meaning. There are three facts in particular which oblige 
us to ic^ard a colour impression as a fusion of the two components 
colour tone and brightness, (j) The ßrst is the peculiar modi&catk»i 
of sensation by the continuous increase of the inteosiQ' of a homo- 
geneous light. At the lowest degrees of iotensiiy we have a biighlnes» 
sensation, free from any trace of the stimulus colour. As the intensity 
inaeaaes, we gel the imjircssion of the colour. Thb colour sensation 
becomes increasingly clearer in tone, reaching the maximum of satu- 
ration at a {tertain inten.iity of siimulus. After this it grows less dear, 
and ultimately, at extreme dcj^ees of intensity, loses its colour tone 
altogether, so ttiat only a brightness sensation remains. The phenomena 
arc practically the same (or all colours, except that the tone varies in 
certain cases : contJnuotis increase of brightness is accompanied at first! 
by an increasing and then by a decreasing distinctness of the coJourl 
tone. There is no escaj»« from the conclusion that colour ton« and'i 
brightness are two different qualitative components in the total impres- 
sion of a colour. And the inference is confirmed by the observadoo 
that tlic qualitative diangea of brightness imdcr Oiesc conditions are 
ptecüely tlie satne as those which occur in pure brightness scnsations.^^ 

2. (b) The second &ct of importance is the comparability of thw^^B 
brightness of a colour with a pure brightness. As a general nilc, it 

b very difficult to compare the intensities of diflcrenl sensations (§ 42. 4). 
But recent experiments on the determination of the apparent bright- ■ 
ness of a colour have shown that the selection of a gray of equft^H 
^ubjective bnghlaeas with a given cobur Is neitlier impossible nor so 
uncertain as might a priori be conjectured. This fact again points to 
the conclusion that what we call brightness in a colour is Üie same 
for sensation .is the brightne.S3 of a white or gray. \f) And lastly, 
Purkinje's phenomenon (cf. § 19. 6) shows that colour tone and bright- 
ness are subject to different conditions in the different colours, andj 
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lAiat the tot-J colour impresMoa can hardly be expl:üned except on 
ft<r awianption of a fusion of the two qualities. Certain quite recent 
«xpcrimcnt», it is true, have given otxasion lo a different interpretitian 
of this phcnoroenon,— to the notion of a specific brightness of colour^ 
ot to the hypothcai» of an influence of the colour pioceiises upon the 
biightness processes- At all events, the difference in the app;trent 
brigbtoess of diflercot colours with objectively equal stimulus inten- 
sities again suggests äiat we are in the presence of a connection of 
-different qualities. 

3, The investigation of visual fusion is rendered especially difficult by 
-our inability to separate out one o( the components, colour tone, from 
its attendant br^htness. Our inquiry into it» facts and laws is, tlicrcfor^ 
confined to the oomparison of colour brightness «fith colour brightness or 
of colour brightness witli brightness proper. The latter method tcJIs ns 
nothing of the alteration whidi a colour tone certainly undergoes even 
&t the brightness most favourable for its saturation. Tlie alternative 
method, on the other hand, cnn be applied in various directions: (u) 
we may determine the sensible dtaciiniination for change in colour 
Im^tness with variation in the intensity of (as far as possible) homo* 
geneous lights; (jS) wc may determine the sensible discriminatioD for 
the degrees of saturation of a colour with increase of the amount of 
iU brightness component; or (y) we may determine the relative btight- 
sess of colours with change of the absolute intensity of illumination. 
Experiments have been made in all three directions, though least ex- 
tensively by the second method. The first and second methods have 
given results which can be assigned at once to a place within our 
doctrine of ftision; but the observations so far taken by the third 
method are of a character which does not allow of their subsumption 
^th any degree of certainty to the general rales of fusion. It will 
be noticed that the facts with which we deal in the jiresent section 
would be ordinarily discussed partly under tlie heading of 'inteitsi^of 
«olour sensation', and partly under that o( 'colour saturation'. Our 
reasons for departing from the customar}- procedure have «ithcr been 
Stated already (§§ 17—19) or will appear in the counte of tlic Section 
ittdf. 

4. (a) The sensible discrimination for the brightness of spectral colours 
has been found within certain limits to follow Weber's law. There b an 

approximate constancy for all colours of — = ^- This value is coo- 

tideiably larger than the — = ^H or less obtained under the most 
ftvourablc drcumstances for brightness sensations proper (c(. % \%. \s ^- 
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We may, thcTcfore, infer tliat t!ie sensible discrimination (or bnght 

is ditninistied when the com|)iiccd brightnesses are connected with coloiff ' 

tones. It is »Iso notewürtliy ihai — retnains ^piuximately the same 

for all colours. The lad afTonds confinnation of our h^-pothesis that 
the brightness factor in colour is identical throughout,— is the bright- 

ness sciuation proper. The mfignitnde tA — ,onlhe other hand,! 
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to coofiim the view that colour tone and brightness fuse with eadi 
other. At least, the reduction of sensible discriniination for bright- 
neaaea, when connected with colour tones, stands in complete accord 
with the results of qualitative fusion in other departments (§ 42. i, 
Here, too, upper and lower deviations from Weber's law have bectt 
disctjvered, of the same character as those which occur in the pun 
brightnei» series : there is increase of the relative difTercnce Umen 
in cither direction. 

5. {f\ Unfortiinatcly, no systematic investigation has been made 
into the sensible discrimination for the degrees of saturation of * 
colour. All that has been attempted is a deteimination of the angular 
magnitude of a coloured sector sufficient to give a just noticeable colour 
tone Ici a rotating disc of black, gray, or white- These experiment« 
contribute nothing deüoite to the solution of the fusion problem. It 
is especially desirable that the question be made the subject of Ul^| 
accumtr and dcLiiled experimental inquiry, for two reasons, (i) In thc^^ 
firet place, the metliod allows of a direct determination of the clear- 
ness of colour tones. Tests of the sensible discrimination for colour 
brightnesses (the former method) have as their primary object the 
definition of the just noticeable change of brightness; and although 
the clearness of the colour tone may change with its brightness, the 
conditions of the cxpcrimeiil are too complicated to allow of any 
certain inference as to the dependency of colour saturation upoB 
intensive variation of the homogeneous light. Experiments should, 
therefore, be carried out on a different plan: a gray of the same 
brightness with that of the colour under examination must be added 
to the colour in increasing amounts, and the just noticeable degrees 
of aaturation change recorded. In tliia way the apparent brighinws 
would be kept coiialant, while the clearness of the colour tone iuelf 
or of the biightncsa .tenttatiun connected with it was altered step by 
step in a dcünile direction. (Ü) But ttiere Is another purpose to be 
served by a detailed experimental investigation of sensible discrimina- 
tion for degrees of colour saturation. The system of visual sensations 
is ordinarily represented by the figure of a double cone, a doable 
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p]rraniid or a sphere The equatorial plane of the sphere, t^., is 
formed by the colour circle, the peripher)- of which contains the 
saturated colours in their spectral order together with tlic purple:i con- 
acctmg red and violcl |cf. § 19. 3); the two poles conespoiid to the 
moat briUiant white aiid the deepest black; and their line of junction 
posses through all degrees of the pure brightness sensation between 
its two limiting value». The meridians then represent the various 
changes produced in sensation by a simple intensive variation of 
a bomogcncouE light, or the degrees of saiuralion of a colour tone 
tmder the increasing influence of a very dart or very lighl cotourlcss 
seosaiioo. The lines connecting points upon the equator with various 
points on the line of junction of the two poles give the difl'eiont 
degrees of saturation of brightness or colour tone between the two 
vahies taken. The double cone and double pyramid are used in 
precisely the same way. The base of the two cones li the colour 
dnde, and their apices represent tlie most briiltant white and the 
deepest black. The base of the pyramid is formed by the triangle 
ocdinaiily employed to illusiiaie the phenomena of colour mixture 
(cf. § 17. 5, 6; Fig. 7) with the three primary colours ut its three 
angles, and the points of the two pyramids denote the two limiting 
values of the brightness series. Now it is evident that these figures 
<xa have no concrete meaning imtil we know something |Xisilively 
of the laws governing degree of saturation. We cannot say any- 
thing of the length of the various lines, or even of the form of 
the whole tridimensional figure, until we have ascertained {by a test 
of scn.sible disciiminaiion) the number of distinguishable degrees be- 
tween any two limiting values. In any case, however, the figure 
not represent the com[)lete system of vbual sensations, but 
merely be a convenient illusttrition of the dependency of the ana- 
of COlotlT tone and brightness upon the relative weight of cither 
cooiportent. 

6. It is sufficiently clear from these remarks that we cannot at 
present isolate the various factors which are of influence for visual 
fubon so accuntely and completely as we could the condition.t of 
tonal fusion. In the latter case, we could trace the individual influ- 
ence of quality, intensity, jmd number of components. We cannot 
speak here of an inSucnce of intensity, because there is no such 
thing as as intensity of %isual sensation; and we cannot q>cak of the 
inflaence of number, became simultaneous light impressions which are 
spatially co-incident present but two quahdes to analysis,— a colour 
tone and a certain brightness. The * mixed ' coloois, as we saw above 
(B 17, 19), are just as simple in colour tone as the 'principar colours. 
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■ There in, therefore, only one meDHxl by «-tuch an iafluence of vtea) 
I quality upon fusion am be determined: «re mim Mcertain the rela* 
I tion of (lifTcrent oolour toiMS to the diflerent degrees of the brightne» 
I scries, (j) A beginning has been nude in this direction by cxperi- 
I mcnls on the change of apparent brightness in difllerent coImub undct 
I the influence of change in the absolute intensity oi illumination (the 
I tliiid method). Purkinjes phenomenon must be regarded as one of 
I tlie observations which belong here, as it shows the brightncM of 
I difTereot colours with a reduction of absolute illuminatioa to the polnl 
I at which the specific quality of the ooiour tone ceases to be eog- 
I nisable, 

H 7. Wc have already given a brief de.<icTii>tton of Pnrlünje's pheDoa»> 

I eaoa (S 19. 6). If the ab^^Iute brightness is reduced to tbe pobt 

■ {utt »aDtloned. the relativ*? tirightneaia of the different coJonis foUo« 

■ a quite diOerciit order from tliat in which they stand wliile the colour 
I tune is perceptible. At a lebtively high fntciisity of illumination tbe 
I muximiil brighuietcs ia reached by a yellow of about 605 fi^; a> tbe 

■ illumiuutjon decreases, it travel« in the direinion of green, up to about 
I hhb MP' ^^ ''^y '■'7 '^ down iiK a general rule that the more refran* 
I gible colours, from grccu onwards, gain, while the less icfiBogibJe 
I colours, from red to yellow, lose in relative brightncw with diminution 
I of the absolute illumination, and viet vtna if the absolute ilhaminatkn 
I is increased. Or, if we wish to express the fact in another way, we may 
I vil that red, orange and yellow have a positi^'e, and green, bhie and 
I violet a negative brightness coelScient, while between yellow and greeo 

■ there must be a point of indifTetence at wMch brightness Ls tnclependent 

■ of its attend:tnt colour. Beyond a certiin limit of illumination there 
I is but very slight apparent ulteiBtion of colour brightneoL It might 
I be inferred from this that colour brightnesses ate relaüvcly constant 
I at a ccrUiin maxiinul intensity : althougli tlie obscuration of Putkinje's 
I phcnoRicnun under these conditions may also be referred to the 

dtmintition of the absolute sensible discrimination n-ith increasing stte- 
ulus intensity. It is noteworthy that the distribution of brightoe» tn 
the spectrum at the lowest degree of intensity- düTcrs very little with 
different individuals, and in particular holds for the monochromatic 
(cf. § 20. 5) as well as for tlic normal eye, whereas the determination 
of relative colour brightness at higher inlen^tics of illuminatioD abowt 

^_ considerable differences as between different ;>ubjects. 
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% 5o. Theory of Vfsaal Fusion. 

I. Certain of the facts which wc have outlined in the förcf^ing 
have always been of ciucia] importance for the fonnulalioD ot 
l^cncral theory of visual sensation. The Purkinje phcnomeuon in 
lar cannot be interpreted on the Young- Hchnhol« theot>' (g 21) 
<t by the aid of very complicated and improbable hypothaes ol 
nature of the primary xcnsationa and their dependency upon tlie 
lute stimulus interwity. We have already mentinned (§ 20, 6} thai 
a totally colour-blind eye the biiglitness of the varioux spectral 
colours at all degrees of absolute illuminnlive intensity are the same 
witfa tbose of the norms! spectrum in Purkinje'^ experiment, f.r., at 
Ihe lower limit of intensity, at which the colour tones as such disappear. 
An unlMiiMed consideration of this fact cannot but lead to the con- 
dusion that the brightness component in a colour impression is an 
independent bctor, subject to special conditions. The theories ol 
Hering and Wundt are both able to take account of it. Hering, indeed, 
finds one of the principal supports of his hypothesis in the coinddcncc 
the monochromatic brightness sensations with ^am distribution of 
brightness at the lowest inleasity in the normal spectrum. But 
Dndl's theory, with iLi dlttinction I>eiween the chromatic and arhro- 
excitatjons, Lt also jtdecjuate to the phenomena. It assumes tliat 
intensive <-ouise of the two excitations in governed by different 
: the achromatic begin.« «ulier than l)ie chromatic, and li^cs 
appfoximaidy in a straight line, while the chn<matic increases rapidly 
op lo a certain limit, and then remains practically constant at the 
same level of intensity. Hence the chromatic excitation mtut reach 
a relative maxironm at a certain moderate d^rec of intensity, on cither 
tide of which it grows relatively weaker. It is clear that this view is 
abo adequate to the foci of a gradual increase in the intensity of 
bomogencous tays ^ 17. 3; § 49. i). 

3. Hering, however, goes on to assert that green and blue (the 
cokKUs of aMimilation) obscure the brightness of the total impression, 
while red and yellow (the colours of dissimilation) increase ii. He 
does not offer any explanation of the manner in which tliis rciult is 
brought about. We might, perhaps, imagine tliat tlie a»(imilatary 
colotira checked the dissimilation of the black-white substance, and 
tiiat tlie diiaimilaioiy enhanced it The mutual independence of the 
two lands of visual substance would then be given up for a partial 
dependency of the btack-whitc upon the colour substances. As a 
matter of fact, an attempt has recently been made by Ebbinghans to 
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remdflcl Hering'» hypollieais upon these lines. On the new thcorj', 
all stitnuli aic disiioiUtive, i.t^ have a decomposing action tqxin ihe 
sensitive substance of the retina. But the brightness of a gray is not 
exclusively determined by its puie brighmcss component; it is the 
resultant of this and of the brightness values of amultancous chioroatk 
excilatioDs, whatever they may be. The view b supported by a very 
remarkable observation. It is found that a gray which is procured 
by the miztuic of complcmcntai^- colours shows the same dcpendency 
upon the absolute intensity of illumination as b dbplayed by the 
two constituent colours under the conditions of Purltinje's experimenL 
Thus, if a gray obtained from red and gicen is made equally bright 
with the gray obtained from blue and yellow at a certain low intensity 
of illumination, tt will appe^ir distinctly daikei than the second gny 
when the absolute illuminative intensity b increased. And the reverse 
effect is produced, if the two grays are made ctiual at a comparatively 
high intensity, and this is afterwards diminished. Ebbinghaus declares 
that the phenomena can only be understood on the assumption that 
the chromatic values, even when they arc not perceptible as such, 
exert an influence upon the intensity of excitation of the achromatic. 
In his own words, the biightness of a gray is 'originally derived 
from two sources: &om the decomposition of the white substance, 
and from the deconi position of the (in some respects antagonistic) 
chromatic substances." 

3. But even in thb modified form the Hering theory b noil 
altogether satisfactory. Ebbinghaiis has fiunished a possible cxptanatioo 1 
of the brightening elfect of [«d and yellow; but his view docs not 
account for the contrary influence of green and blue. If there is^J 
summation of the decomposition processes in all the vbual subsianceSf^f 
we can imdeistand why the decomposition of a chromatic substance 
should make a ceiiain positive contribution to the excitation of the ^^ 
white substance; but liiere b no ground for the assumption of ft^l 
negative contribution, such -m is required by the obsen'alions with^^ 
blue and green. Indeed, if we probe a little deeper, it is not easy 
to sec how either result \& really explicable by the presuppositions of 
the theory. A ray of homugencous hght has but two attributes, period 
(wave length or vibration rate) and amplitude (energy or intensity). 
The most reasonable hypothesis would seem to be, then, that the 
chromatic excitation b dependent upon the former, and the achromatic 
upou the latter. It is hardly conceivable that the excitation in both 
kinds of visual substitnce is dependent upon both of the stimuhis 
attributes, i.e., as the theory declares, thai increase of the dccomposi* 
tion pTuce<s in one necestarily implies its greater or less increase id 
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the other. In other woids, wc cannot fonu any defimte idea, in 
of phydcs and physioli^y, of the reinforcement of the brightness 
by chromatic stimulation. Of courst;, this only adds to the 
difficulty Oif the observation of the briglitness of compleincntiiry 
colours (cf. 5, below). But tlie point to be niade liere is, that the Heiing 
theory as remodelled by Ebbinghatu is still inadequate to tte exj>lanätion. 

4. In the author's view, the Purkinje phenomenon i» simply a 
phenomenon of fusion. The difictcnt colours have very difTcrcnt 
c&cls upon the perceptibility of the brightness connected with them. 
Unfortunately, we cannot say how their own cognisability is influenced 
by this attendant brightness (§ 49. 3), since brightness is as invariable 
in the colour impression as intensity in the ray of light. On the other 
haod, we Icnow tlie nattue of the pure brightness component in the 
colour impression from our own observation of colours at a low inten- 
sity of illumination and &om the distribution of brightness in the colour- 
blind spectrum. As the apparent brightnesses are difTerently distributed 
in the spectrum when the separate colour tones are visible, we raoA 
•u{>pOHe that the inlemiixture of colour quality exerts a dclinite influ- 
ence upon the brightness of the total visual impression. Red and 
yellow arc relatively bright colours, green and blue relatively dark; i.t^ 
in our own terminology, tlie impression of yellow or red enhances 

quality of the pure biighlness component in the fusion, while 
and blue diminish its apparent brightness. Viaual fusion is, 
rdingly, of an altogether diflereiit type from tonal fusion. The 
addition of colour to brightness not only renders tlie analysis of bright- 
b«9S more difßcult, but alters the quality of the brightness component 
a definite diiectiun. 

5. The (tiiTecence between this view and that of Ebbiiigliaus is 
sufficiently pbiin, Wc regard the actual brightness of an impression 
as cxclu.'sn'cly dependent iiiHin the intensity of tlie homogeneous 
l^t; Ebbinghaii» speaks of a cootrihution made to it by the colour 
components. We, therefore, arc under no obligation to accei>i the 
physicd and physiological difficulties which arise upon the other thcoi}'. 
Visual fusion would rather be analogous to those instances of tonal 
fu^on in which fusion degree conditions an apparent alteration of 
quality (cf. § 47. 10)- Wc found that an unmusical subject judged the 
tntcrval of the second to be greater than the interval of the third, 
and the third greater than the fifth; a low degree of fusion wa» inter» 
preted as 3 considerable difference of quality. So here, a brightness 
appears greater dian it is, when connected with red and yellow, and 
less than it is, when combined with green and blue. There is one 
\axx, however, which requires a definite physiological explanation,— the 




1. 



DOCTRINM OF COMPOVNOSt FUSION. 

conxtanry of the ap]).-ireiit briglitnew of the in<liv)itu.-tl coUmnt under 
coiutant condition«. The simplc«t hypntlicsis i* rumuhcd bj- Wundfs 
theory. Following it, we suppose that the diHerent eoloun increaao 
in colouring power and attain thür maximal (atornticm »t dilTerent 
npiditics, with equal increase of stimulus intensity. Red iind yellow, 
i*., attain their maximal clearness at a relativdj' low intensity, while 
a relatively high intensity is ncccssaiy for the maximal sfttuiatioa of 
green and blue This view receives support from observations on the 
time required for the perception of the various ooloon with perfect 
clearness (cf. § iq. 3). And it is an obvious corollary (hat a gray 
obtained from complcmcntar}' colours caimot remain coiutant with 
alteration of the abiulutc stimutu« intensity, but must incline in the 
direction of one of the colour tones, We thus have a vciy simple 
explanation of Ebbinghaus' observation (2 and 3, above). 

S 5i. The Fusion of Other Sessatlons. 

I. (i) We find instances of qualitative fusion in other sense depart- 
ment« than those of \-ision luid audition. (») We can hardly doubt, 
<■£., that olfactory «ensation« ftue, though not so completely as to 
prevent analysis of the individual components. But no exact obser* 
vstions, to say nothing of experimental investigations, have as yet been 
made upon the question. The fiisl requisite for the understanding ol 
olfactory fusion, as for the theory of olfaction in general, is a know- 
ledge of th« adequate stimuli for the various olfactory quaUtka. (i) 
CerLtin phenomena uf gustatory fusion have been observed. Thus a 
mi.xtuTe of .siilt and sweet .sulutances In solutions of appropriate satur- 
alion Tcndcnt the ansuysis of either component difficult (or prevents it 
altogether) under condition.'« which exclude the possibility of chemical 
interaction. The siunc rule xeem» to apply to other gustatory sub- 
stances, but the observiitions extant ure not sufficiently numerous to 
prove its general validity. It i$ interesting to rtoticc that contrast 
effects frequently occur when diHerent gustaloiy stimuli arc simultane* 
ously applied to dilTcrent pari» of tlic tongue Sail, i^., is relatively 
intensified by acid, and vkt vtna. It would appear, therefore, thai 
both forms of sensible connection are possible within the sense ol 
taste; a contrast, or st least an independence of the component 
sensadonB appearing with their spatial or temporal scpaialion. and 
fu&ion arising with identity of spatial and temporal conditions. Quan- 
titative results, however, must remain of doubtful value until we can 
attach an objec-iive Hignificance to tlie amount of gusialoiy tubatance 
contained in a solution [% I3. 2, 4; § 24. 4). 
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2. (t) FiL-Jon Li impt!ssib!tt within eitlier of the princtipal classes of 
cutaiieoit» aeiiKitionit, for two reasons : their spaliiil attribmes admit of 
no otliei coQnectioa than colligation, and their qualitative unitarinc»« 
prevents an/ combinatiori of different qualities. There is only one 
£act to mentioD nnder thin head : the preponderance of pain over the 
sensation qualities which it accompanies. If a pressure, cold, or heat 
siimulus is increased to the point of painfulncss, the resultant impres- 
aioD ia caaeniially the same. Pain is here regarded, of course. 
Dot 88 affective tone, but aa a »pecial quality of scusattun (g 10. 4). 
(4/) That there is sometliing analoguu» to fusion in Ibe sphere of the 
(Kganic sGDsatJons is shown by the diJficulty of their introspective 
analyais. We tiave seen tlial speciiti experiments were required before 
anything ptnitive could be discovered as to the quality and physical 
origination of llie sensations of the 'muscle sense' (§22. 2). Even 
DOW we are by no inciuis certuin of the specific qualities of common 
and organic sensation, »o difBcult arc they of analysis. We cannot 
doubt that prjitticc, and the accuracy in the direction of the attention 
which practice brings, must always play an important part in their 
dbcrimination. But that these general factors are not the exclu^i^'c 
conditions of analysis is shown by the fact that 3 temporal sepnnition 
^^if tbe coostiiueQts greatly fadlilates their individual cognition. 
^^b) Lastly, tbeie are certain other lacts of fusion to mention in tlie 
^^MeparlineQl of auditory se^sationa. Considered as simultaneous im* 
^Vpiesdons, the rustling of the wind, the hissing of steam, the roll of 
äitindei, the roar of a salvo of artillery, the rumbling of a wag<in, 
etc., must all be interpreted as fusions of simple noises (non-peiioilic 

Nvd>rati(>n.s) or ot .liinpic tones (uniting to form aperiodic vibrations) 
pi ot tone» iinil noises. 
3. {2) So far wc have only spoken of connections of qu^itics 
within one and the «atnc sense. We must now cKaminc the siroul- 
laocous ronnenions obtaining between qualities of different sense 
dcpaitments. Herbart proposed to call these connections 'complica- 
dona' (§ 43. 4}. They all seem to fall within the general meaning 
of the tcnn (iieion: 1.«., they give rise to a qualitative total impression, 
and arc diffictdt of analysis into their individual coustinicnts. The 
non fovotuable conditions are realised when the connccdoa has 
bccom« empirically assodaicd to a definite idea, and when a single 
süinulua sets up simutLineous excitations in diffcicnt sense organs. 
\fi) Thus a gustatory substance often serves as a stimulus 10 the pressure 
sense of the buccal cavity and to the sense of smell, at the same 
time that it excites the organ of taste. This e.xplains why the sense 
of taste is commonly accredited with 30 many qualities wliich reylal 
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belong lo the sense of smell Q 12. t), Our customary EtXMUra» 
(meats and many vejcetables) are la&telesi, and only obtain a gusta- 
toiy value by the inteiroixiure of lall, nigar, elc. N«vcrthclc«s, all 
these substances, whi<^ we actually diMriminiiie by snell, are oidi- 
nsrily regarded as p«)ssesited of fipccial attributes for the uiTcction of 
taste. The same holds of the 'taste' of a g04xl cigar or a fine wine 
or a rcFrcshing fruit And the co-operation of the pressure sense is 
implied in many n;uncs for 'tastes': biting and burning tastes, mild 
and astringent flavours are certainty referable to its influence. la 
case, the fusion is [>rejudicial to accurate analyäs. 

4, {b) Similar phenomena recur tn the domain of cutaneous 
ealion. Pressure and temperature readily combine to a quahiative 1 
impresaon. Light contact may be confused with a temperature stimu- 
lation, and vitt vtna. It has been inferred from these facts that the 
peiiphcial conditions of the origination of lempcratuie sensadoos (heat 
or cold) must be identical with those of the production of ptc3!iure_ 
sensations. Tlie conclusion a certainly inconcct. For (tt) cunltuat; 
ofthekindareby no means uncommon elsewhere under similar conditio 
of stimulation ; (|I) recent investigations have proved tliat thermal : 
tions ace excitable by simple medianical pressure upon the skin; and 
(r) tlicre are many reasons for the separation of Öie peripheral appara- 
tus of pressure and temperature (cf. g§ 10 and it). To explain the obser- 
vation we must rather suppose either that the sensations perceived arc 
actually produced, or that the frequent connection of the two kinds 
of qualities prevents their cognition in the particular case. Another 
fact which might be alleged here is that cold weights seem heavier 
than warm weights of the same objective magnitude. But it b pro» 
babic (g 24. i) that the wrong judgment can be adequately accountc^fl 
foi by the external conditions of stimulation. '■ 

5. The various 'qualities' of the sense of 'toudi', — smoothness 
and roughneaa, bluntness and sharpness, hardness and soßneas,— may 
also be Ictoked upon as phenomena of fusion. The components in 
tveiy case are the sensations proceeding from Miction of the articular 
iiurCuces, and sensations ariang from pre^ure upon the skin. We 
h;ivc seen that these two classes of seufations are exceedingly similar 
in quality (of. g 22), so that it is not surprising that their analysis 
dates from very recent investigations. We can best inform ourselves 
of the smoothness or roughness of an object by passing a sensitive 
portion of the skin to and fro upon it, i.e., by moving o^*cr it at a 
uniform nUc. If the movement is not noticeably obstructed, the sor- 
&ce is judged to be smootli ; if contact is more or less often inter- 

iptcd as the movement continues, the object appears uneven or rot^ 
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Itn this case, the co-operation of the aiticular 'sensations of icsistancc' 
is at Ica&t as important for the accuracy of judgment as ihc guc- 
KttuäfOiL of the stimuli affecting the particular cutaneous area. The 
aiticulai sensations are of less importance for the apprehension of 
shaipness and blunlness, the disrnruination ol which depends for the 
most part upon the spatial chaniiners of the pressure Kcnxations aioufied 
b7 the object. They are more important, again, for the estimation of 
and softness. 
The 'sensation of double contact' is also a combination of cu- 
<us and articular sensations. If we touch an object with a stick 
or other solid body, we seem to sense, besides the pressure of the stick 
upon our skin, the resistance which the object offers to its progress; 
aad wo can judge of the quality of the surtace toudied in tills Indirect 
way with extraordinary accuracy, when visual perceptiuus are excluded. , 
This sensation of double contact is es|)edally importiuit to tlie blind 
man, who ha» only his stick to aid him in 'finding the way' which 
be h:u( to travel. There can be no doubt that experience (association) 
plays a part in the sensation, and is one condition of the uppnrcnt 
transference of sensation fr-jm the hand to the farther eittcmity of 
the stick which it grasps. But it is equally certain that the duplication 
<A sensaticMi is based on a definite sensury fact, — the difference in the 
ezdtation of the cutaneous and articular .lensibility by the object held in 
the han<]. Tlie distKbution of pressure over the surface of the liand is 
lairly irregular, and takes various directions; but the articular sur- 
faces arc always stimulated from one and the same direction. Here, 
j tbercfore, we arc able to analyse two components whose separation 
I nkder normal circumstances is exceedingly difficult It would be well 
if this interesting phenomenon were made the subject of exact psy- 
I dudogjcal investigation, and attention paid to the physical relations 
^ipvolved. 

^H if) Iq conclusion we may brietly mention that the common sen.tations 

^^■e also to be regarded as phenomena of fuhinn (except where tliey 

^^pe characterised by the succession of individual sensabons ; § 23. 3). 

This would explain the extreme diflSculty o( their anal}"«!«, anil the 

apparent novelty and peculiarity of their total impression (§ 33. 1 : cf. 

<Jang colour). 

Ut«t«iiii«: 

F. HUlobnod, Uthtr du ifKi/Stc/u miligJttit dir Faritn. SilOrr. d. tt-ieMfr 

AtaA. A IKi: Sectioa III. Vol. 9S. 

A. Koeoi^ IMcr dm NtUigktiUwtrth sUr SfrclralfarUn, etc. ßrärägi tmr 
t^<halagU uml PkyiiaUgit drr Sinnttorgant, 1S91. 
Ct the HMralui« died ondw J^ »'— »i' 
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S 53. Tbe Emotions. 



I. Eraotioiis and irnpub» arc ordinarily classed together as afftftif 
pne4sta. This phiBSc emphasises the feeling element of the ftuko- 
And the eraphaaia is natural, in \iew of the cuirenl Classification 0^ 
th« experiences in terms of affective <jualiiy^of the emotions as pleas' 
UTiilJe and uopleasurable, of ihe impulses as desires and aversions, a»^ 
of the pusiions (which are ceferred to the same psycliologtcal category^ 
as love and hate. The syslemutic pn^of that all these terms covei' 
definite »ensations as well ta feelings, and that it is the sensations wfakh 
give die vaiious impulses and emotions their chaiacterixtic cokntriog, 
is of quite recent date. Traces of such a view, however, arc discover- 
able in certain other customary clasaificatioDs. Thus the distinctk» 
of txeiting and dtprtuing emotions, and the analogous discrimitglioD 
of aiiraction and npulsion among impulses, plainly contain a reference 
to definite diSciences tu budtly posture and movement, and their 
attendant or^^nic sensations.— The words 'exciting' and 'deprcnii^', 
as ap|>lied to the emotions, are not strictly identical with 'pleasurable' 
and ' unplcii>unible ' : virc have seen that there aie two stages of unpleaf- 
antnets (§ 37. 3), so that Ihe unpleasurable emotions may be eittiet 
exciting or depressing. But ÜUs isxX does not coiutitute a sufGdcoi, 
reason for Üie recogniiioa of two new affective qualities (§ 35. 3), 

3. Our own view of the omoiions and impvilses is, then, that thefl 
represent the fusion of sensations and feelings. Tliis theory cna 
OS to understand the lateness of the discovery and definition of 
sensations which they contain, (i) The sensible components are mor 
or less obscured by the vividness of the concomitant feelings. Ev 
now, we have no adequate knowledge of their various combinations. 
(ii) Moreover, the sensations involved in an emotion or impulse are 
exceedingly numerous, and consequently fuse to a characteristic total 
impression, (iii) And lastly, there are some emotions, expectation and 
surpriao, e^., whose affective ton«, as pleasurable or un]>leaxunible> ä 
hardly noticeable. It cannot be said, therefore, that their difftrt»lia 
is the affective qualir^ of pleasaDtncss or lupleasantness. A surprise 
may be agree.ible or disagreeable: expectation pleasant or unpleasant. 
This fact, again, has been urged in support of the h}-pothesis that tlie 
emotions are peculiar iiffcctive processes, co-ordinate with the feelings 
o( pleasantness and unpleasantness. But it can hardly be denied thai 
processes like expectation and sutptise owe llteir specific cliaiacter 
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Bmply to certain complexes of organic sensations — howcvw dlEScuIt 
the desciiplion of these may be in the particular case. If «-e abstiac^ 
bom the iitcas which arouse the cnicitive reaction, their sole componenU^ 
(the feeling« of pleasantrtess and unpleasanlness being ruled out as 
characterLttic conslituenLt) ate <irgar\ic sensations, which, how-ever, as 
everyone knows from exjicricnce, wear a very different aspecl in the 
two cases. Wc ttius obtain two chisses of einoduns: one in which the 
organic sensations are so far preponderant that they appear to be the 
sole dctenniDants of the character of the tola) state, and another whose 
essential chaiactcristic is a feeling of pleasantness or unpleasantness. 
Between these two extremes is arranged the long series of moderately 
inteDsire emotions, m which the influence of feelings and organic sen- 
satioQS is approximately evenly balanced. 

3. The discrimination of emotions from impulses, which always 
iavolve definite feelings of pleasantness or unpleasantness, is only dif- 
ficult in cases where the emotions themselves are characterised by the 
presence of a similar affective quality. It is suiEcicniJy obvious that 
expectation and suri>Tise aie not impulses: but the classiCcalory posi- 
tion of such experiences as anger and rapture can hardly yet be stated 
vith any de^e of certainly. Various cliaraaerislics have been taken 
u distinctive of the two states. Thus (i) the cmotioDs are pasüv«»] 
the impulses active experiences, (ii) Or the emotion may be definedi 
<s an affective process which is externally conditioned, the impulse as 
an internally conditioned process of the same order. For the emotion 
is evoked, as a general rule, by the action of external stimulation, 
«bile the impulse is ordinarily originated by certain internal stimuli, 
(iii) A tfiird ground of distinction has been suggested by Lehmann. 
The only certain criterion of emotion and impulse, in his opinion, bl 
the diOerence in llie movements to «bich they gi\-e rise. It is charac- 
teristic of emotive expression that the muscles whose innervation is 
independent of the will of the subject are thrown into contraction, 
whereas in impulse the principal part is played by the activity of the 
'voluntiiry ' muscles. It is true tliat the voluntary muscles are also 
demonstrably concerned in emotive expression ; but the movements 
here, t^hmann declares, have, not the definite direction which they 
lake under the influence of impulse. They appear rather as irradia- 
tory processes, the causes of which are to be looked for in ihc exci- 
tations widely diffused throughout the central nervous system during 
a violent emotion. The diScrcnce between emotion and impulse is 1 
thus reduced lo & difference between the emotive and impulsive 
jiovcmcnis. 
H 4. It is etidcnt that this last attempt to fonnubtc the di»lingtiisbing 
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chaiactcrisb'cs of impulse and emotion express!}' rcnouncies ttic appoJI 
to introspection which is, nevcnhclcas, our one reliable means of 
determining tltc qualitative nature of psychical states. At the same 
lime, ihe definition of the objective differencea in emotive aoJ 
impuldve expression, if they are constant and well marked, mar 
proH'c very useful for the ideDlitii:;ition of the subjective cx]^erienc«. 
And as a m.itter of fact, LetimannN dlitiiiction seeuis to agree with 
the tirst of the diflerences tK:t\r<rni emotion and impulse mentioned 
above, llic (lifferencc of activity and passivit}'. The most adequate 
description of the t«-o processes will accordingly run somewhat as follo«^ 
Emotion is a connection of feelings and organic sensations, vho^c 
Sensible constiluenls are conditioned partly by the excitation of bodily 
flanges independent of the volition of the subject, partly by innetvation 
of the voluntary muscles, indefinitely directed, and alio independant 
of the will as such. Impulse, on the other hand, is a fusion of 
feelings and organic sensations wliose sensible constilucnls are condi- 
tioned by voluntary movements, ideated or executed, more or less 
determinate in direction. Tl>ese definiliom, it will be noticed, fumid 
the vindication or explanation of the positiveness of our reoent 
distinction between the eniotionB which have no noticeable affectiva^l 
tone and impulses. The organic sensations in expectation and surpri«^ 
are entirely due to involuntary movement or strain. — The remaining 
view, that external or internal stimulation is the characteristic condition 
of the origin of emotion or impulse, must be rejected as inadequate. 
The exceptions to the rule are so numerous that it certainly cann' 
be made the basis of an exact definiiion of the two states. 

5. There is no extant classification of the emotions which does 
justice to thur character a« analysed in the foregoing dltcussioa. 
Spinoxa's famous exposition (Ethics, Pt. Ill), is not conceived at all 
from the psychological standpoint, and becomes rigidly schematic 
under the influence of the writer's geometric method. The main 
principle of classification of the emotions, as joys or sorrows, is tlie 
distinction of a tramilio a minore mi majortm and a mafort ad 
minortm ptrftcliontm : a fact which shows at once how completely 
unpsychological Spinoza's procedure is. In the popular classiUcatioow 
there is a conflict of the two divisions by pleasanmess or unpteasanU 
ncss and excitement or depression, Some weight is also laid upon 
Ihe intensity and duration of the various states. Anger and rage arc 
exciting unplciuturable emotions; rapture and entliuuiu^ni are exciting 
jili^asurablc emotions. Sorrow, cue, and dejection, on tlie ottiei hand, 
are depressing unplcasuruble cmotiimK; there arc no naincable depressing 
pleasurable emotions. Intensive scries are formed 1^ such states as 
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«nthusiasm, admiration, and respect;nige, anger, and ill humour; rapture, 
joy, and content ; despair, sonxiw and nielanclwly. Duration diacriminates 
emoticns like happincw and lapture or (right and despair. Relatively 
pennanent emotive slates are often termed moods; we speak of a 
happy or despaiiing, a cheerful or sorrowful iimod, and so on. No 
sharp line of distinction can be dntwn between emotion and ninnd. 
The only point to notice is that there is no such stule as an exciting 
unjdeasurable mood, because tlic primanr sUgc of unpleasantness, 
which is correlated with an abiwimal increase of excitability, is too 
transitoi>' to persist as a permanent affective tone {§ 37. 3). 

6. A classification of the emotions, to be psychologically satisfactory, 

must take account both of the rclatit^'c preponderance of the particular 

«motive cortslitucnts and of their special nature. No such classification 

is puäuble at the present time; the various emotions have not been 

subjected to exact analysis in either direction. We can, therefore, 

<lo no more here than select certain types for characierisation. We saw 

just now {2 above) that there arc two extreme forms of emotion, 

between which all tlie rest may be arranged. One extreme is con- 

Atituted by emoiionü in which tiie organic .lenKations are so completely 

predominant as to determine the actual iharactcr of the emotion. 

Emotions of this claäs we may term objtdht. Here belong the 

processes of expectation and surprise, instanced above, togctlier with 

amazement, etc. Wc have already treated of expectation as a general 

condition of sensitivity and sensible discriminaüon (5 5), of feeling 

(§ 3<j), and of tonal fusion {§ 47). In everj' ca,se, it a[ij)eare<l to be 

a form of attention, an attentive preparation for a coming state, process, 

or content. The emotive constituent in expectation consists essentially 

in the complex of strain sensations, which ap]>car :is the result of 

tliia preparation for some more or less definite occurrence. The 

intensity of the emotion in ordinarily measured by the vividness of 

these strain setutation». Tliu« ue «pctik of a strained expectation, and 

refer to tlie amount of "ilrain as agreeable or disagreeable. Tlie 

teblion of these degrees of strain to the feelings is governed by tlie 

rales which wk laid down in our discussion of the inltuenoc of stimulus 

intensity on feeling (5 37. ~). The strain of exjiecUtion, that is, 

may, be agreeable or disagreeable, according to its duration or intensity. 

The phenomenon is complicated by tlie feelings attaching to the 

ideas of th« expected event, etc., which may also be of a plcasurabie 

or tmplcasuiable character. Thus an agreeable strain of expectation 

nay be connected with the idea of an unjile;isant occurrence, or a 

painfnl strain of expectation accoinjiuny the idea of a very del^Iitful 

experience. Wc attribute a different character to expectation itscK, 
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accordij^ as one or the other feeltng preponderates. 'Pear* mggcm 
the cxpedalioii of mi implKi^anl event, often rnnnectcd with virid 
seosatiuns of «train; 'confiilcnce ' the noniui! stciuliTH»« and evcnDCü 
of atrain sensation, which nre iniUnt^iiiied jis long as the obfcct of 
expectation remain» iiidelemiiniile. We iniiy say in general tcma 
that the cleaniess of the reuily emotive constituents of expcctaüoc, 
the strain «ensHtionü wit)i tlieir attendant feelings, is propoitional U 
the indetctminaiciicas of the ideas upon which expectation is dtrcctoi. 
This serves to cxpbiii the bet that the emotion plays a far moff 
important part in the investigation of scn»tivity and scnsiMc di^^ 
crimination by the procedure without knowledge, than in expcrimcni^ 
made by the procedure with knowledge. ^| 

•}. The origin of the strain sensations which occur in expectation" 
can, of course, be more easily traced when the ideas of the espected 
event arc determinate than when they arc indclcroiinate. Expecta- 
tion is never wholly undirected: some ideas will be present, however 
indefinite. Hence no sharp line of distinction can be dtaum between 
the procedure with and the procedure without knowledge. The strain 
sen^tiims secin in every case to be preponderantly localised in the 
sease organ whose stimulation is expected. Thus if the content e^fll 
exjieotation is a visual idea, we can trace more or less distinct sttainX 
in and about tlie eye, caused apparently by the contraction of the 
muscles which keep the eyeball turned in a deünile direction 
by tlie accommodation for a definite distance. Expectation is di 
teristically expressed by arrest of bodily movement, steady and 
■'flinching gaze, the turn of llie liead for listening, etc. All tlilt pninB 
to an intensive strain upon muscles and tendons, appearing »ith 
peculiar distinctness in dilTcrent paits of the body according to the 
quality of the expected impression. 

The objective symptoms of surprise may be very fairly described 
as the precise opposite of those of expectation. And subjectively it is 
the antitype of expectation. There is no preparation for tlie comity 
unprcssion. Indeed, the completeness of surprise is proportional to the 
unptcparcdncss of the whole course of thought, ilie adapkition of the 
sense organs, and the direction of the atlentiun, for the entnincc of 
the new process into the existent state of conscJuuxncxs. The sur- 
prising event, therefore, produces a sudden inlermption of the train 
o( ideas and a relaxation of the processes of movement or contrac- 
tion connected with precedent impressions. mk 

8. It is evident that wc must distinguish in surprise, as we have 
done in expectation, between the ideas which introduce or occasion 
the emotion and the organic sensations produced by the character- 
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;1ic motor disturbance. The feelings attaching to the two sets of 
are, heie too, of quite difictenl cliaracter, and hmguago 
^dtstinguiithes between the two factors in tlie craolion in such phiases 
as 'pleasant agitation'. We mean by the expiession an unpleasantly 
violent shock, occasioned by a pleasurable occurrence; a pleasurable 
occurrence may be as unpleasant, in this sense, as a soTTowful. It is 
difiicult to dc<inc the peculiar organic sensations which we experience 
in surprise. Nothing more definite can be said, perhaps, than that 
they must be the conscious correlates of sudden changes in the motor 
condition of the body. Some part is played in the emotion, how- 
;ver, by the equally sudden diversion of the course of ideas, the 
lOre or less complete reversal of the thoughts and feelings of the 
icnt. It is clear, therefore, tliat llie surprise will be most distinct 
the actual impression is the direct opposite of the expected' 
If we are exi>ecting a weak stimulus, and an intensity is given for 
which we are ab-itjlutely unprepared, the resultant surprise is very 
^reat; and as the intensity of the emotion affords a certain measure 
o( the roagnilucJe of the diß'erence between the exjiected and the 
real, our judgment is correspondingly deceived. Thus a strong sti- 
iDiilm which surprises us is taken to be stronger than it really is, 
and 3 weak impression seems weaker than it otherwise would appear. 
TTUs deception of judgment is especially liable to occur in the course 
the procedure witliout knowledge, when definite expectations liave 
been involuntarily formed by the subject, at tlie suggestion of some 
ifiddeni in tlic progress of expeiimenlatlon (§ 5. 6). 

9. The other class of emotions contains the suhjttlivt states, in which 
two aflcclive qualities exert a determining influence. language 
hu done &i more for this category of emotion than for the former. 
Perhaps llie only objeclive emution, besides expectjition and surprise, 
is amazcmeDt ur wonder, the constituents of which are very sintllat 
to those of surprise itself. Here, on tlie other hand, wc have not 
only the fundamental forms of affective emotion rojier, joy and sor- 
row, but the furtlicr di.slinction of excitement ana depression, within 
the unpleasurable emotions. And there arc all manner of degrees of 
the intensity and duration of these states, as we mentioned briefly 
just now. Since the pleasurable emotions are invariably exciting, the 
classification by joy and sorrow points at once to a certain contrast 
in organic sensations : the contrast of intensive innen'ation and move- 
nent, on the one hand, and greatly diminished and restricted motor 
excitability on the other. The violent implcasant emotions, such as 
lage and anger, arc also of an exciting character; but the primary 
«age of unpleasantness is too transitory for them to persist for any 
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of lime. The distinction between the feeling* connected with 
organic sensations and the feeliogs attaching to initiatoiy ideas ü 
again in place, but uui hardly be carried through in practice, as die 
ideational contents tend strongly to predominate and the feellnp 
attaching to them exercise a detennitung infiueiMe upon th« affecdK 
chanctei of the emotion. 
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1. The close relationship til emotion and impulse is univeisaily 
acknowled^d. The definitions ia the foreguing Section (g 52. 4) thty" 
huw üilTicult it ii to draw a hurt) and fast line of division between 
the two »tales. Emotion becomes impulse whenever the expressive 
movemeiiii nie directed into a definite channel under the influence of 
tlic will. Thus angiT puxies ox-er into impulse when there arc added 
to the emotion dciciniiniiie idciis (and the corresponding organic sen- 
sations) of the movements which «-ould serve to restore contentment, 
and so to abrogate the emotive »tiitc : and rapture passes over into impulse 
when there arc added to the «notion certain other ideas of mov^ 
ments. subscr\ing the retention of the emotive state. This feci is of 
itself suIRcient to show that impulses in general are far more closely 
connected with the aßeclivc qualities than are the emotions. It i» 
bequenlly a^scitcd that the end of an impulse is ulways either the 
retention of a pleasurable feeling or the remtival of an iinpleasuiable 
feeling. And the content of the impulse is partly determined by th« 
nature of its end, since the mcjvemenls subser\-ing the two opposite 
purposes take equally opposite diteclions. Again, the popular distinc- 
tion of likes and dislikes, attraction and repulsion, love and hate, is also 
reducible to this fundamental contrast of feciing. Likes and dislikes, 
with their various degrees of longing, wish, aversion, repugnance, etc., 
ate foims of impulse which border very closely upon emotion,— except, 
of course, :is regards the defmitcly directed movements to which Ihey 
give rise. In tlie passions (love and hate) wc have, on the other 
hand, the most intensive impulses, i.e., those which find the readiest 
and most direct expression in fully determinate movements. 

2. The analysis of tlie elementary processes contained in impuls» 
is exceedingly difTicutt, if oidy for the reason that so many different 
states arc comprised under the one name. Indeed, all that can b* 
taken for granted at the outset is the invariable relation of impulses- 
to the affective qualities. But even this requires closer definition than 
it has yet received in the particular case. Some pfychologists assert, 
«■f., that the end of the impulse in hunger is the Iceling of satiely^ 
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then thai it b the idea of food. We wiU ourielvea, tlicrefoTC, uttcmpt 
M of all to discover the lelalioa obtaiiiinj^ between ccttiun ideas 
irescDt in impuUe and the organic aeiisatioiui onm^pondiiig to the 
impulsiv« acliiin, intended or executed. Iii impulKc, as in cmolion. 
both sets of processe* play an iinporLint part, and the feelings attach- 
to each have their o«,ii »pedal significance, (i) It is noicwortliy 
it tlie feeling» <rciiin(-<:tcd with tlic impulsive idea arc ordinarily much 
jinore vivid, and ihctefore of more decisive influence upon the deter* 
,tion of the general character of the impulse, than those oonuected 
ÜW organic sensations as such. This is apparently due to the' 
that the impulsive movements, executed or inicnded, ate nimply 
llie result of tha pleasantly or unpleasantly toned idea, and can, tlietc- 
lore, but nrely be of equal importance with it in the tula! imprt^icm. 
[ti) Again, we often fmd iliat the starling point of an impitlxc is a 
primary feeling of pIcasantncsK or unpleaKaiitne» ui cuniieclion with a 
dcfinilv complex ol xerLsalioru. The cuurae of the imjiulne Li tlicii widely 
divergent from the course of the emotion. Thus, ttie disiig^recablcnet« 
of hunger or thirtt '» the condition of origin uf the nutritive impulse; 
the pleasure felt in a beautiful work of art arouses the desire for ils 
poasenioni etc These primary ieciitigs, which constitute the first step 
tou'ards the origination of an impulse, do not, <>., bear the same 
relation to it as die feelings attachin;; to ccitatn ideas bear to emotion. 
3. Tlie characteristic factor in impulse, apart from deßnite feeling», 
the peculiar Cüiiiple.x of org:inic »ensations arbing fntm t)ie impulsive 
'IDOvemcnt. No description of longing wnuld be iiilequatc, e.g,, which 
did Dot cont;iin a reference to the sensations aroased by ideation of 
the movements necessary to attain the desired end. This sensation 
complex is the real and universal characteristic of the impulse. It is 
,truc that the name is often applied to other than .sensory processes, 
which no dcfimic ideas of movement arc invxilved. But the appli- 
cation is either simply metaphorical, or illustrative of a common ten-: 
dency of language, — the transference of terms with an original sensible 
cotmotation to abstract objects. When we .»peak, t.g., of an 'ethical' 
Off 'logical impulse', we are applying the word, out of its right con- 
nection, to processes which, in this general formulation, contain no 
reiercDC« to bodily movement. The reference is somewhat more con- 
aete in the phrase 'charitable impulse' although here, too, the naluie 
of Ih« movements implied is altogether indctcmiinatc. It is, therefore, 
to 'set a definite limit to the use of the tcnn 'impulse' ia 
dtological terminology. Wc must refuse lo regard ewry possibte 
ition of the existent conscious state, in any direction whatsoever, 
due lo an 'impulse'; or lo consider cverj' pleasantly ur unplea»* 




3*8 



aOCTJC/.VE OF COMPOUXDSt FUSION. 



I 
I 



antly toaod idea as ihc necessary starting point of an 'impube'; or 
to speak of 'impulse' c\-cn in cases where we find an inicnliuo to 
act in accordance with a deßnite purpose expressed in abstract hngusge. 
We can only lue the word 'impulse* where definite movemcnli; 
dq>endent upon the will, are ideated or executed at the iiutance oF 
alTectively toited sennaiions. Tlie vividness of the impulse is directly 
proportional to the clearnewt of tliese ideas of movement and the 
correqKtnding organic sensations. This explains the frequency wfth 
which a jviniculjirly distinct impulsive idea leads to the execution of 
Ihe approprinte impulsive movements. An involuntary extension of 
Ihc arm.« and a forward inclination of the body, t^., aie characteristic 
of the impulse of longing. 

4. Impulses have been clasnficd as higher and lower, in the 
sense in which the same tctma were applied to feeling (J 35. i). We 
cannot accept the classification, since it makes the character of the 
whole process exclusively dependent upon the toned ideas which 
conKtilute the end of the impul:»e, ;igreeable or disagreeable. Nor can 
we attaeli any psychological value to the more detailed discriirunation .! 
of impulses according lu their objects, which gives as many impulses 
;is tliere arc iileas capable of serving as the objects of desire or 
aversion. These contents or ends of impulse are not necessary con- 
sliluents of it: in many cases they are altogether absent. Tlic imlimrtl 

or instinctive impulse«, which ate more numerous in the animal* than S 
in man, show u» in particular that impulses need not be aroused by^l 
any definite idea of their end. The impulse appears here before it« 
puipose has been learned by individual experience. There is absolutely 
no foimdation for the assumption that instincts depend upon unconscious 
ideas, transmitted by inheritance. The newly hatched chicken does^f 
not possesä an unconscious idea of the grains whicli ate to satisfy its^^ 
h\mger; neither has tlie new-bom infant an unconscioiw idea of the 
mother's breast whicli is to furnish it unth nouritliment. Wc mtist 
Mtlier suppose that the chicken and the infant inherit a purposive 
motor mechanism, which imdcr the dehnilc stimulation of internal or' 
external bodily organ« is set in action in the accustomed way, i.*., 
in the form of a pecking at the groun<i, or a sucking with the lipfl. 
The oiganic sensations connected with the movements arc present in 
these casoi, but there is no definite idea which serves as the ol^ect 
of the instinctive movement;«. Once more, therefore, we are led to 
the conclusion that certain feelings and organic sensations are tha 
distinguishing characteristics of impulse. 

5. Wc have now to consider the relation of these two ciuential 
components to each other. We have already mentioned the current 
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-view that impulsive movemeots are intended to retain (or inteiuiry) 

a feding of pleasantness or !o reraove (or diminish) a feeling ol 

tiopleasanlnus. This dlstinrtjon certainlj- holds for the objerlivc 

observer; but it is not equally vüid for tlie cJiiMriencing suhjuL For 

the principal difTcrence between impulsive movement and viiluntuiy 

a<:tiuu is that tlic former constitutes a direct reaction, not initiated 

by consideration, reflection or choice, but an automatic consequence 

or expression of the given pleasantly or unpleasantly toned impression, 

while voluntary action implies the conscious inicntion to execute 

definite movements for definite reasons or purposes. In the impulsive 

action proper, i.*., wc know nothing of the end ; we have not expressly 

iaquticd into the ultimate aim of the movemenw which we execute. 

If, therefore, the result of these movetnenU is what it is described to 

be in the current view of the nature of impulse, at least it is not 

foieuen by the subject, but must be referred to a gradually perfected 

purposive co-ordination of toned sensations and niovemenls. In the 

-developed consciousness, of course, an impulsive action will often assume 

the character of x voluntary artiun; all that is needed is tlie connection 

of the idea of a definilB movement (the movement to be executed 

in the given case) with the appearance of certain feelings. But thb 

■coonection appears to be irrelevant for the impulse iticlf, which Is 

"wholly composed of the charactcrisdc complex of organic sensations 

aod the feelings of pleasantness and unpleasantness attaching to 

<iefinite impresüons. Wc cannot at present give any accurate account 

c>f the origin of these organic sensations. It may, howe^'er, be pointed 

«ul th2t in view of the great variety of possible impulsive movement^ 

it would be difficult to bring definite luusclc groups or definite forms of 

inovement into any unequivocal relation willi the aßcclive qualities, with 

rrt and reluctance, or with desire and aversion. The di^iinction 
altiactioD and repulsion is certainly based upon such difEcrencca 
of dircctiOD or form of movement; but the implied connection between 
'these and pleasantness or unpleasantness is simply customary, not 
universal or invariable. And there xs. even less justification for the 
Bssumplioa of a strict conelation of the Bexors and extensors, the 
Antagonistic voluntary muscles, with the two affective qualities. 
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J I. In our discussion of the nmpic rcclingx we found that there were 
cerLiin bodily movements bearing a characteristic relation to their 
tvo quiititics :Lnd, therefore, useful for the experiniental demonstration 
and in^'eü ligation of pIc^Lsantne» and unpleu,siiitne»s (| 3^. t ff,). The 
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men complex aflcctivc sUics,— «motion, impulse, mood and pu- 
säoD — arc also conclatcd with definite bodily change«. But their 
vBtbIc expression b far more complkated lliiin tliat or feeling, m 
might b« expected from (lie number of clemenurj- conscious proceao 
oouaiaed in them {% 52. 2). In expectiition, €^^ we have not 
only a definite complex of organic sensations, with their attendaiU 
fedings, but the more or less determinate group of ideas «hidi 
ccnMibites the contents or object of the emotion. The exprasiTe 
movements are influenced, of course, by both classes of constituents. 
Thus the eavesdropper and the scout have dificrent characteristic 
attitudes, although both alike are in a state of expectation. Similar 
phenomena recur in every emotion. It is plain, then, that the 
conditions of cxpicsstvc movement may be very different in different 
cases. The forms and bws which have been discriminated hitherto 
refer almost exclusively to the expression of the ideas «hich constitute 
the contents or object of the emotion — not lumatuially, as this is 
much more individual in its natiu« and delicate in its adjustroent 
tlian is the cxpr&sion ol the emotive constituents proper. No distinc- 
tion is drawn between the two in the language of everyday life. 
The blush of shame or joy and the paleness of fe.ir or tenor are 
legatded as expressive movements on the same plane with the clench- 
ing of the fist in anger or the clupping of the hands in pleasure. We 
shall not be far wrong in supposing that thb confusion is rcspon 
sibic for the diversity of psychological opinion in regard to the 
simple principles which regulate exptcjäive movement in general. 

2. The applicatioD of die method of expression (S 55- 7) to emotion 
has shown that its objective symptoms are essentially the same with 
those of feehng. In an unpleasurabic emotion like bight, /^., we 6bi 
the two distinctive stages of the expression of tin pleasantness,— a 
violent inspiration, followed by a period of weaker respiration, with 
<)iminution of volume and reduced height of pulse. The pleasant and 
unpleasant emotions, >>., manifest the same objective symptoms aa.B 
the pleasant and unpleasant feelings. Complication arises at once,^ 
however, if the bodily changes underlying the organic sensations begin 
to influence the results of the method of expression. In certain 
ciiciunstances, e.g., the curve of volume in fright is not the char- 
acteristic 'unpleasant' curve, but is heightened in consequence of the 
emotive 'start,' the general motor shock. In fear, again, the curvcs- 
of respiration and pulse are not of the pure 'unpleasant' type, but 
show irregularities due to muscular tremor, the emotive 'quivering'. In 
anger, the curve of volume is very considerably heightened, probably 
by the involuntary movements which have combined with tmpleasant>i 
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ness lo dotenninc its course Even in these compürativeljr simple 
citKHioas, thcieforc, wc can trace the effect of a wliolc scries of 
factors wliich co-operate with the character of ihc feeling to give 
individual form to the cspreasivo movements. It cannot be said that 
these movements and. the organic tten^tions connected will» them 
are dependent uixin the feelings as such: they occur in too great 
i-orie!)', and are to» little parallel or proportional to the original 
pleasant ur unpleasant elements of the emotion. Trembling and 
shaking are characteristic of chill and shivering as well as of keen 
anxiety or fear, while the feelings in the two cases may differ very 
widel)', at least In Intensity. 

3. The variety of the movements expressive of dcHnite ideational 
contents is inexhaustible- They have had free play in the coarse of 
generic and individual dcvclopmcnl; and they arc the principal soirrcc 
of on« whole department of human expression,— gesture language. 
We need not here enter upon the consideration of the phenomena 
in all their complication: the expre^ive movements arc primarily objects 
of external perception, and from the purely psychological standpoint 
are simply illuslrations of tlie various types of action — voluntary, im- 
pulsive or reflex. Any voluntary action which is apprehended and 
interpreted by ;in objective observer as a sign or symptom of an in- 
ternal state takes rank at once as an expressive movement It is 
evident, then, tliat the problem presented to psychology proper by 
the expressive movements is very much more restricted than the vast 
number of facts covered by the phrase might lead us lo suppose. 
Tbc psychologist is not concerned to interpret these estemal processes 
or to tabulate their physiological conditions, but merely to determine 
their relation to emotions, impulses, moods or passions. We have our- 
selves dcKridcd that the essential conalitucnts in the affective fusions 
are organic sensations and feeling*. We do not ascribe any con- 
siderable importance to the ideational contents which may connect 
Vfiih these, except in cases where the feelings dependent upon them 
iDodify or intensify the pleiHuntness or unpleasantness of the primary 
stale or determine the direction of an impulsive expresüoiL Wc may, 
therefore, confme ourselve* lo tlie two original factors, in our con- 
sideration of the expressive movenients. 

4. Many recent psyiholdgies share the view that emotions arise 
&om the ex|iressive movements. James, t.g., asserts that we do not 
Ciy because we are sorry, but are sorry because we ay. There is 
]>lainly so much t>f iruth in this belief, ll).it the or];anie seosatlonti 
connected with the expressive movements contribute very materially U 
the total emotive impression. It would be difhcult to explain in any 
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oiliCT «ray the extraordinär}' constancy of t)ie expressive movanenti; 
and the emotive differences of which u-e have already spoken (g 52). 
The objective emotion.-« in [ttrticular, — the emotions of eiq>ecl3tio(^ 
suipnse, and vronder, in which the affective colouring is exceedingly 
weak,— roust often be originated by the appropriate expressive move* 
ments. But the theory has overlooked two Bicts: (a) that nqjrodaccd 
organic sensations are possible constituents of an emotion, and {f) thai 
the feelings in the subjective emotions cannot, in the majority ot 
cases, be regarded as simple consequences of expressive movcmenö, 
since the ideational contents play an important part in Ihotr determi- 
nation (S 52. 9). The view, therefore, contains no more than a fraction 
of the truth. The emotion is ordinarily initialed, in the developed 
consciousness by certain ideational contents in connection with feelings. 
5. Darwin brings all expressive movements under three principles, 
in which he attempts to do justice to their origination from genera) 
physiological conditions and to their development in the life history 
of the race. Tlie first principle is that of servittahk astoeiaUd habUt. 
Certain actions which were originally of direct or indirect service for 
the sntisfaction of definile needs are afterwartb performed altogether 
aiitomntically, even though they have entirely lost tlieir primaiy 
signiücancc. The second principle is that of antithetis. If definite 
psychicil processes are habiUially connected with delitiite actions, there 
is a tendency for mental processes of the reverse kind to accompany 
movements of ttic opposite character. The third principle is that of 
the liirtti activity of M« nervous sytteiH, According to it, intensiv« 
excitation in the ncivous centres gives rise of itself to certain motor 
phenomena which we recognise as expressive. Valid objections have 
been urged against these principles, and especially against the second. 
They ate not wholly co-extensive with the facts, and cannot be scpar- h 
ated with the rigour necestary for the arrangement and explanation^ 
of the phenomena. Fideril has formulated two very general laws of 
mimetic expression, according to which expressive movements refer 
]>atlly to ideated objects, partly to ideated sense impresuons, agreeable 
01 disagreeable. Here it is obvious tliat exclusive attention has been 
paid to what wc have termed the ideational contenti in emotion or 
impulse, and its attendant feelings. Lehmann has laid special emphasis 
upon the individual development of emotive expression. He regards 
the connection between affective process and expressive movement as 
an association. Definite motor processes are constantly cormecled with|^| 
definite ideas, and arc therefore reproduced by theäe, directly or^ 
indirectly, on their subsequent occurrence. But the phenomena of 
movement differ far too widely in different emotions for this view to 
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be tenable. It is inadcqiutc to explain ihr connection of emotion and 
cxprcssii'e movement even in the most general outline. And in par- 
ticnlai we tnay pause before we admit that the individual oiigination 
of emotive expression is so universal a fact aa Lehmann supposes. 

6. The most satisfactory analysis of expressive movement from the 
psychological point of view is that of Wundt. He brings all types of 
emotive and impulsive espicssion under tliiue mles, which must be 
regarded as co-opcruling wilh one another in the great majority of 
concrete expressive movements. The lirst of tliese rules, the principle 
of ttireti tiange of iitntmalion, lays it down that intensive affective 
proceMCS are attended by a direct excitation ot the motor centres. 
Here belong paling and blushing, laughing and crying, etc. The 
second rule, the principle of asioeiation of aaalogata ttntations, expresses 
the (act that sensations of similar iiffeclive tone readily connect with 
one anolhcT. In this way, movcmenls which are characteristic of the 
reaction upon definite sensory stimuli become indicative of emotions, 
etc., which resemble these sense impressions in their affective nature. 
The 'sour' face and 'bitter' smile arc familiar illustrations ol the ttile. 
The third, the principle of the relation of movemtnl to stnsory idtat, 
includes gesture, etc. It is exemplified by the clenching of the 6st 
ID anger, the steady regard in sttaiiied expectation, etc. A detailed 
discoSBÜHl of tliese three rules would have to show their reference to 
the different constituents of emotion and impulse. Thus, the first is 
principally concerned wilh the direct psycliologic.nl concomitants of 
the feelings; the second serves mainly to elucidate the origin of the 
i>rgajiic lenjuitiuna ; while the third comprises all those cases in which 
the movement is dependent upon the ideational contents. 
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We list« at prcicnt no matcriaU Ibr tie «ecttoo of a theory of cmotiMt «nil 
impulse. It wcmld prcmppoac not only a fairly uiurcd (heoty of reeling «od orgaaie 
Mdiaüaii, bvl alto lome clear idea of the ptoceas of fiuioD iticlf. Wc will here, 
tberdbre, merely f>ll atteatioii to the fact that the conacclioni of fceliiigs wilh 
«her »enMIioni mint alio be looked upon u inslance» of fusion. We untiol. 
bowcret, uy anything of (heir genetal lawi, in the nisiing itaie of our knowledge. 
There remaini the qucMion of the intncucneelion of feelings ihemiclves. We hare 
*lieady pointed out the diflicullies which hete har Ihe way to the simple «i- 
tdtainiDest of the fftcti (§ 39. *). In panicnlar, we cannot decide wilh aoy 
decree or cctlainty for or agajnil *miied' feelings. In our own opinion, Ihere is 
DU cooviBciog evidence for the eiiitcute of ■ umultaneity of feelings in contdovf 
una. On Ihe ulhcr himd, a rapid alternolion oTdilTereiil feeUii);* ia * phenumenoD 
of common ciccanencr, iiiid one «rhidi appear* to ttaiid in vecy ctoM relation la 
the llactnalioa of stieiitiuu. This i> yet uiolher iodicatloo of tht importance of 
■UtMioB for Iha origiDatioa of the fNlioga. 
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Section n. Colligation. 

CnAPTBR I. Tbk Spatial Attriduttb ajjd Rei^ttoms 
OF Sensations. 

§ SS. Prefatory Remarks. 

1, The psychological investigation of the idea of spaee has suflteed 
very con&iderably from a metaphysical prejudic«, for the introductkm 
of which into philosophy Descartes is chleQy responsible. In the 
Ctirtcsian system, thought and extension are the two essential char- 
acteristics of the p^chical and the physical; and it sceros ax abmod 
to attach a spatial attribute to mental processes, as it is inconccir.ible 
that the physical vorld is the substrate of spiritual experience. Spi- 
noza, it is true, regarded body and mind simply as modi, t>., a» 
special expressions of the universal attributes of thought and exlensiofi, 
as different aspects or properties of one and the same existence. But 
the distinction of the two, whatever its limits, is again absolutely 
prohibitive of the attribution of space to mentality. Spiritualistic philo- 
sophers like Leibniz, Herbart, and Ixitzc, cither allemptcd to explain 
at least the apparent space element in llie spatial idea of the »edng 
or touching subject, or refused to predicate any kind of reality a 
objectivity of space in general. It is only quite recently that psycho- 
logy has begun to free itself from this metiiphyncat prejudice, as 
epislemological views have been clarified and psychologiical inves- 
tigation based upon empirical definitions. 

2. We can ouisetves have no hesitation (cF, the poeilioo taken np 
in § 1) in predicating spatial attributes of certain conscious processes. 
Ps}-cho)ogy consists, for tis, simply in the desaiption and explanation 
'if the facts of experience in their dependency upon an esperienciog 
individual. And temporal or spatial definition is certainly |ust as 
much an attribute or relation of the fact of experience as itt qnaUty 
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intensity. If, then, wc can show that this temporal or spatial 
;racter is also definitely dependent upon the psychophysical oigan- 
its treatment in a work upon psychology becomes a matter 
course. Now the existence of this dependency is proved by obser- 
.lions of everyday occuncnce. Wc speak of the 'appareni mag- 
nitude' of SQ object, of 'appaicnt locally' and ' apparent movement ', 
implyinf; that our space ideas arc more or less widely diverjgcnt from 
llie faets of objective space measurement. Here loo, i.e., we have a 
distinction of subjective and objective, as wc had a parallelism between 
ithe quality and intensity of sensation and certain attrlbuiea of stiroulu.1. 
I The psychologiail space problem must not be misunderstood. We 
are not concerned to reduce the spatial predicate to any more general 
category; we made no allempt to expbin the sensible predicates o\ 
quaKty or intensity. In particuW, we cannot imagine that any mate- 
rial ccntributiiin will have been made to the explanation of the ex- 
]>crtcntiiil data by the ascription tu the mind of an original capnciiy 
vl S]>alia1 ideation. The space prccäicate as such is, ior psychology, 
fundiunental fact, as ultimate and irreducible as the experiences of 
hich it is predicated, as attribute or relation, subjective or objective. 
The »olc business of psychology, therefore, is to exhibit the depend- 
ency of the various spatialfactors upon the psychophysical organisation. 
3. Spatial attributes are ascribed only to certain classes of sensa- 
tions, vit., the visual and "tactual", — the latter term embracing both 
cutaneous scn$ation.<t proper and the articular sensations set up in the 
motile parts of the body. Spatial relations, on the other hand, are 
pradicable of all sensatiouA alike, since all alike are localisable. The 
locaUitation of iuiK])alial contents, however, is mediale only: it conaints 
in a reproduction of originally »patial sensations, of movements indi* 
cative of the place of origin of the given contents, or oC judgments 
directly expressive of their local determination. Localisation in this 
scow is plainly altogether different from the localisation of an origin- 
ally spatial process, and wc may, therefore, speak of it as a ' transferred ' 
spatial relation. A spatial relation semu tin'iii} can only obtain between 
conlenls possessed of the true spatial attribute. It seems best, how- 
ever, despite this essential difference between the two kinds of local- 
iastJoo, to discuss the transferred here in connection witli the direct, 
and not to deal with it separately as a special form of a-uocialion or 
reproduction of ideas, — the rubric untler which its general jiaychologi- 
signtficance would lead us to place it. We shall, therefore, treat 
this diapt<:r [a) of the space of tactual perception, {b) of the space 
of vinial perception, and lastly (r) ol transferred localisation with 
cspocia] reference to auditory impressions. 
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4. Thcie is, of course, a very great variety of possible spatial de- 
Bnitions. If oar trciktmeni k to be complete and systematic, we mutt 
endeavour to tcdxicc them to certain fiindamcnlal forms. To Ihä 
end we begin with the distinction between spatial alltiiaUi and 
spatial rtlationt, the former attaching to a perceived content as sndi, 
the latter to the content only as related to other coDteols. Fonn ct 
tigurt is the general term compreheoding all the spatial characters that 
can be attributively predicated of an impression; ptsifion or locality ■ 
is a similar term embracin;; all the spatial relutiunx in which a con-fl 
tent stands to other contents. Both determinations may be fiirtbcrV 
anal j-scd,— position into elementar}- relations, as a sum of distances; 
and figure into sjiatial dements, as a sum of extensions. To then 
must be added a more complex Epa.tiiil , determination, which abo 
contains a temporal reference — movement, Wc understand by movt- 
ntent any continuous alteration of a spatial attribute or relation. 
Extension, then, is the elementary phenomenon in all spatial attributes; 
distmce the elementary factor in all spatial relations. Spatially con> 
sidcTcd, of course, the two are but one; but they require special 
psychological investigation in cases where their apprehension or esti* 
mation is governed by diflereiii laws. We have already mentioned 
extension as one of tlie attributes of sensation [S 4. 2) ; distance, as 
reduced to it, is the extension nf the contents intervening between 
two given impressions. The magnitude of a figure is simply a quan- 
titative determination of extension ; and wc spciik in precisely the 
same way of the magnitude or a (Iist<*ui<:c. Ditedion is, again, only 

a special form of extension or di5t<ince, indicative of the spatial inter- _ 
relations of certain given extensions or distances. I 

5. Unf'irlunatcly, we have no systematic investigation of spatial 
attributes and relations on the lines here laid down. Philosophic 
prejudice on the one hand, and the limitation of special problems on 
the other, have prevented any thorough examination of the spac« 
idea. Hence there are certain factors which have hardly received 
any direct attention, while theories have been propounded which arc 
valid only for one quite definite aspect or characteristic of the whole 
process. In particular, (i) the p^chology of space, like the psycho- 
logy of time (§S fc3 ff). has suffered from the assumption that space 
must be regarded as something absolute and self-existent, given more 
or less independently of all the specific conlenls of perception. There 
can he no doubt that this view has been furthered by the notioa of 
'empty' space as employed in the natural sciences. From the psy- 
chological standpoint it is altogether erroneous. Again, (ü) the possi- 
bility of the intercomparison of the spatial characters of perceptiou. 
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i&depeitclcntly of their other attribute}^, has also in all probability 
helped to give the space idea an »ceplional place among the contents 
of consciousDcss. It explains the tendency of psychologists to sec the 
real object of investigation into the psychology of space, not in the 
spatial attribates, but in the spatial relations. This independent 'space' 
•ecms to be given in its puicst form in distance, locality, etc. It also 
accounts for the definition of movemcni as change »imply of locality. 
— The result has been an almost total neglect of the perception of 
extensiDn and figure and almost exclusive regard of the perception of 
distance and position. This is the more regrettable as the former 
proceas is psychologically very much the mure simple. The space 
character is always given willt jiiirticuliu' perception contents; there is 
DO independent space corten*, which can be discriminated from other 
qualitatively determinate impressions. 'Elmpty' space is the .spatiiil 
character of certain contents not defined. And as the other attributes 
of a content are of determining Influence upon its spatial qualities 
tt 56- 3; § 59- ^1 *S)> ^^ simplest material for the investigation of 
the space idea is fumishcd by the extension or figure of a quite deli- 
nite content- (iü) Lastly, the expressions 'sense of space" and 'sense 
^Bsof locali^,' which have recently become current in physiology, betray 
^^a wholly inadequate realisation of the requirements of theory. The 
'sense of space' is measured by tlie least noticeable distance between 
two impicMtons; the 'seti.ie of locality' by the accuracy of localisation. 
Not only is the word 'jiense' applied here in a very exceptionable 
meaning (§ 4. 10), but the spatial relations are given an unjustifiable 
ptelercnce over the spatial attributes. 
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i]. The Spatial Functions of the Cutaneous Sensations. 



1. The spatial cstiraalion of an object brought into contact with 
the sun is mediated both by pressure sensations and by temperature 
aeosalions. We attribute a certain extension and figure to an iiupres- 
■iOD of heat or cold, just as wc do to an impression of smooth or 
rough, >.«., to a pressure sensed as auch. No thorough investigation, 
however, has as yet been made (cf. § 55. 5} into the cutaneous 
apprehension of e-xtension and figure, altliough the experimental exam- 
fauliOB of the 'sense of space' or 'sense of locality' has been taken 
again and again since the time of E.H. Weber. It is especially 
ettrious that DO attention has been paid to the extension &ctor, as 
nethod employed in tliese researches necessarily jiresupposes a 
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dcfijoite view as to the cxtenskm of th« cutaneous pressure or ten- 
peratuic sensations. The laethod consists in the detcnnination of the 
disianc« between two points of cutaneous contact at wbkh the two 
imprcssions arc still just apprehensible as two. (i) Now first of all 
there is involved here the purely logical assumption that a just notice- 
able Iwoness of cutaneous sctisations is equivalent to a just noticeabis 
distance between ihctn. Buc twonesa and distance are e3sentia% 
difliereDl concepts, and the possibility of theii idcntificatiob requirs 
speciitl psychologies! proof ['] (cf. g 5. i). (ü) Nor is this aB. To 
explnin the great diversity of experimental results obl^ned from dil* 
feient portions of the skin, recoiurse {s had to the hypothesb ol 
'sensation circles' vai>'ing in miignitude, but atiVe in the peculiarity 
ibat any two points lying within a single circle are sensed only ai 
one. The explanation plainly contains a reference to the psychologi- 
cal extension which wc predicate of cutaneous stimulation. From 
this point of view also, then, investigation of extension seeiM 
essential. 

2. Wc can say bot little of the percepüon of figure as mediated 
by cutaneous aenaationa. It has been found that if objectively paraUd 
lines are drawn with the 'dividers' (an instrument which gives aH 
gradations of dLttance within certain Hmtts between two metal points) 
from tlie elbow to the wrist, they appear gradually to diveige frov 
one another in sensation. We imagine, i.e., thai the impressions aiC 
divergent and ncit parallel. A similar phenomenon is obsen'cd if the 
two lines are drawn from lobe to lobe of the ears, across the face. 
The lines apjiear to diverge towards the median line of the face, and 
to attain their widest separation in the region of the lips. Again, 
experiments have been made upon the sensible discrimination for the 
magnitude of circular surfaces, by the determination of the just 
noticeable difference of diameter of two objects applied to the skin. 
It was found that at the tip of the tongue, two circular surface* -| 
were judged to be just different whose diameters wore no more tlian 
0.5 and I mm.; white on the back the two just discriminable surCaces 
had diameters of z and 25 mm, respectively. Where sight is normal, 
the ability to c<^iBe figures by aid of the cutaneous sensations is 
present in vety slight d^ree, In most cases, judgment stops short M 
at the fact of difference, and nothing can be said of its character. ' 
The capacity is much more highly developed in the blind, who read 
without hesitation from an alphabet in which the number and anange- 

[■] Om luipiciont of the Tklidity of WrWr'i BBumptton bccirai» tUll tUanEn if we 
tmulits it into ratiail tvixu, ud Aiok wlut it would onao Ui pcnali on «ithu Mo 
«t tlia Uiad tpoL 
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incDt of raised points upon the papei constitutes the golc ground oT 
distinction between the letters. Lastly, the importance of tcmpctalure 
seosatitHU for the perception of figure is shown by the observation 
that cold surfaces appear laiscr than wann surfaces of the same 
objective extension (cf. g 14. j; § 51- 4)- 

3. In all these cases, spatial perception is seen to be principally 
A^iendcnt upon the loc^ility of the stimulated area. The same 
dependency has hcen noticed in the numerous invsstigiations made 
into the jitst noticeable twoncss of sensations. We will only mention the 
results recently obtained by Giildscheider on the basis of a discrimi- 
nation of pressure spots, cold spots and heat spots. The values arc 
considerably smaller than those found by Weber and other previous 
iafwatigatoTS. This is mainly due to the greater sensitivity of the 
cnianeotis 'spots' (cf. §§ 10, ii). In deference to current usage — 
which, howe^'cr, is not strictly correct — we may term the least 
distance bctu-cen tvo points brought into contact with the skin, at 
which their separate sensation is still just possible, the spatt Umtn. 
The space limioa determined by Goldscheider for pressure spots were 
Ol3 mm. upon the back of the hand, 0.5 mm. upon the forehead, 
0.8 mm. upon the chest, and 4x1 mm. upon the back. The values for 
-cold spots, in tlie same cutaneous areas, were 2.0, 0.8, 2.0 and 

1.5 mm.; for heat spots, 3, 4, 4 and 4 mm. All these obserration» 
^vith the exception of the various Hmina upon the back) agree in 
ascribing the greatest discriminative power to the pressure spots and 
the least to the heat spots. The result is borne out by the fact 
that an exploration of the skin with adequate stimuli shows the 
prenurc spots to be most numcroua, and the heat spots of least 
frequent occurrence. Previous experiments indicate that the tip of 
the tongue has the smallest space limcn. Another phenomenon 
which belongs here is that of the dependency of the space limoi 
upon the motility of the stimulated cutaneous area. This was made 
the subject of an elaborate cipcriracntal investigation by Vierordt 
and his pupils. The space limcn was found to decrease continuously, 
t^n from the shoulder to the tips of the fingers. Vierordt has laid 
it down as a general rule, on the basb of his experiments, that the 
space Urnen at any point in the length of a limb is inversely 
proportional to the distance of the stimulated part from the axis of 
lOtadoQ of the limb. 

4. The intensity of the impressions is also of influence upon the 
■pace limen. Up to a certain Nttmulu.s intensity the bcility of Kpante 
cognitioa incrcaset: beyond this intensity it decreases, A cettain 
mean degree of intcnsi^ is, therefore, the most Eavouiabla oooditioa 
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for the iovcstigatioQ of the space limcn. Bui as the iatensive 
bililj varies very gicatly with th« locality of the stimalated atcz 
^ 24. 3}, only those space IbniDB aie comparable which an; obtained 
with the «ame subjective intensity of picäsuic- The experiments 
made hitherto aie extremely defective in this regard; neither the 
objccti^'e nor the subjective intensity of the impressions has been 
kept uniformly constant. Distraction of the attention has the same 
effect aä diniiiiution of intensity, i>., increases the Stimulus limcn. 
The influence of practioc, too, is very marked. Tliis is the principal 
reason why the space limen of the blind is noticeably smaller than 
the space limen where vision b normaL If the two points brougbi 
into contact with the skin arc set down not simultaneously bat succes- 
sively, or differ in their relative intensity, judgment is rendered very 
uncertain,— as is not surprising, when we consider that simultaneity 
and equal intensity are presuppositions of the validity of the method. 

Anullier melliod has been employed for the dctermiiution of the 
delicacy of localisation of impressions brought into contact with the 
skin. A simple stimulus is applied, and the subject indicates the 
place of stimulation with a pencil; the magnitude of the average 
error is looked upon a^ inversely proportional to the delicacy of 
localisation. A seric« of different degrees is thus obtained, which 
runs precisely parallel to the scries of space limina. No systematic 
observations have as yet been made upon the cutaneous estimation 
of movement of the stimulus object. One fact, however, may be 
mentioned: that a point moved at a uniform rate along the resting 
arm seems to travel more quickly where the quce Ihnen b smaller. 

j. The space limen has usually been obtained by the procedure 
of stimulus (letcnniiiiilion (methods of minimal changes and right am 
wrong cases). Recently, however, application has been made of thi 
procedure of stimulus comparison, which undoubtedly gives more 
unequivocal results in the sphere of spatial estimation. Several of tlie 
observations made in this way arc of especial interest, as throwing light 
upon the value of the space limcn for the tn^^estigaiion of tactual space 
perception, (i) The first result of importance in thb connection is itie 
following. When two cutaneous distances are made subjectively equal 
to each other, the objective distances between the limiting potott 
approach the ratio i : i when these points are set at all widely 
apart. Thüt is clear evidence that the space limen is not adequate 
to inform us of the real value of a just noticeable di-tlancc. The 
longer the distances compared, the fewer wilt be the disturbing influcm 
to which spatial estimation as such is exposed, (ü) Another result 
importance is a seeming paradox. We should expect, on mathematical 
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ida, that if two distances were made apparently equal to a third, 

woiOd appear equal lo one another. But this is by do mt^ant« the 

The fact, again, may be conjccturaLy referred to certain tn^anic 

conditions of spatial estimation of the kind which prejudice the 

detenninatioo of the space Ümen. Tlie first problem to be att;ii-ked 

In the future, therefore, b the problem of extension, which must be 

directly examined, with particular and constant reference to intensity, 

lion of stimulation, and other circumstances. 

The Spatial Functions of the Articular Sensibility. 

6. The articular sensibility appears to be be principally OMtcamaä 

(k) in the non-visual perception of movcracnis. It mediate« Ihe 

judgment of the change of position of the moved limb. But (p] the 

po&iiion of a limb is also cognbed by the aiiicular sensations; aiid it 

_bas accordingly been proposed to term them ' sensations of position ' 

23. 6). And (7) arm movement affords a fairly accurate measure 

space magnitudes, i.e., of extension or distance. The articular 

II s easibility ii thus seen to have as equal range of spatial function with 

^bie cutaneous. No systematic investigation along all three lines has 

^B yet been carried out (cf. § 56. 1), although a large number ol 

^Hpliül researches, bearing upon the general question of this Section, 

' nave quite recently appeared. There is plainly only one practicable 

method for the determination of the spatial functions of llie articular 

seDisibility : correlation of the angle through wbldillie joint is rotated with 

the magnitude of the distance traversed in consequence by tlic moved 

^b. Wc do not measure the excursion of a pendulum by chords and 

tangents. And since the movements of a limb may be regarded as 

at least approximately circular, tlicy too sliould be measured by the 

angle or arc described from tlie given point of rest. Only in tlitt 

way can we obtain any unequivocal information with regard to the 

diief factor in the resultant judgment, — the articular scnsibilily. It 

has been UKital, liilht;rto, where the distances travcracd have been at 

.til long, to employ a rectilincally moving car, which travels along a 

nil without noticeable friction; or to allow the arm free movement, 

but to measure the curves described in rectilineal projection. In the 

former case, however, the result is so ambiguous that tlie part played 

by the various articular surfaces cannot be made out with any degree 

of accuracy; while in the latter it is erroneously calculated. The 

laws which have been established in this way have accordingly a 

merely provisional importance. 
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7. Goldscheid er has delennined th« just noticeable laoveoicnts 
different limbs, aod exprcwcd the results in angular magnitudes. He 
investigated both passive and active movement. The movement limen 
(if we may employ the expression fot brevity's sake) was invamU)' 
biget with passive than with active. There seem to bo two Koaow 
for this tact. 0) Active movement, initiated by the will of the sub)M 
neoessaiily involves the ptoccduic with knowledge; passive movenuot 
implies the procedure without knowledge. And acnaitivtty aod Mulblt 
diädiniination arc as a general rule (§ 5. 6) somewhat greater id 
the {onuer esse than in the latter. But (U) the pressure upon the 
«nicular surfaces is more intensive in active movemenL This wiQ 
influence the result, since in articuiat as in cutaneous sensatioa an increaie 
of intensity serves witliin certain limits In increase the accuraqr of the 
spatial judginenl. — Another interesting point is that the larger joints have,- ■ 
upon the whole, a smaller movement timen than the smiillcr. Thus 
the shoulder is more dixcrimi native than the elbow, the hip iu>ticcabty 
more discriminative than the ankle, etc The values obtained varied 
between the limits 0.3° and 3.0°. — Again, the rapidity of movement 
bad a marked effect upon its noticcability. Other things equal. ».«., the 
awnuent Umcn decreased as the rapidity of movement inaeascd. 
On the other hand, the cognition of movement proved to be independent 
both of its 
it wiu itrelevanl 

wlicther (or how) the arm was extended or flexed, and wheilier its ^ 
■msations of pressure and strain were normal or abnormal. Movement, fl 
therefore, or at least the determination of the movement limen, mutt 
be regarded as exclusively dependent upon the articular seiwibility 
(cf. % ii\. In one respect, however, a certain amount of innuence 
seems attributable to the tendinous strain sensation. The indication 
which it gives of the weight of the moved limb facilitates the judgment 
of movement direction when the movement is actively executed, M 
8. Numerous investigations have been made (cf. 6 above) into the " 
conditions of the comparison of movements of some length with one 
another. But their results have no claim to finality, owing to the 
defects of the methods employed. Thus it has been found that 
the degree of contraction of the stimulated muscles exercises a de- 
termining influence upon tlie estinialion of movement; but the state- 
ment is, in all probability, to be ascribed to an erroneous evaluation 
of experimental results. Again, we c-mnot say at present whelhu the 
absolute or relative sensible discrimination b con»Unt for all move* 
menu, or whether some other uoifonuity obtains, since the various 
joints have not yet been subjected to investigation by methods which. 



r hand, the cognition of movement proved to be independent _ 
direction and of the sensibility of tlie moved limb; ü., ■ 
:vanl for the estimation of a movement of the slioulder 



Icad to ancquivocal cnuclii.tions. Frelimiiiary experiments upon arm 
raovcfflcnt (loUtiuti in the shoulder joint; llie arm being TuUy extended, 
and the body kept as steadilj' as possible in one position) appear to 
«how that ibc absolute sensible disciimi nation is approximately con- 
I^JIUK. Once more, it is still an open question whether iheovcrcstima- 
^Boo of small movements and underestimation of large is a constant 
^^■BT) 10 which the judgment or ${iacc magniludes is invariably sub- 
P^Sb or whether the phenomenon, where it occuis, is not simply the 
coiuequcDce of rapidity of movcrocnt, >.«., a phenomenon of temporal 
estimation as well. There can be no doubt of the fact that the duration and 
rapidity nf a movecacni influence our estimation of ita magnitude. As a 
gcaecat role, the apparent magnitude of a distance is pioponional tu the 
length of time lequired for movement across il. It should be noted, hour- 
evei, that our judgment of the extent of arm movement is nut based 
(in the autlior'a obsecvalion) upon the temporal relations of the move- 
ment, but upon the reproduced visual image of the space parsed 
through, and more especially of the extreme positions of the moved 
vm. No direct comp^irison of the rapidity of movements has as 
yel been instituted ; and a recently ]»ublislied inquiry into their dura- 
tion followed so crude a method that its resulU need not be discussed 
here. We will conclude this survey of the spatial functions of the 
articular sensibility with a reference to two points of interest: that 
Bioveinent3 are ordinarily more accurately estimated by the blind 
tiuw by subjects who.w vision is nortnal; and that the spatial discri- 
mination of the articular sensibility (as of llie cutaneous) Li somewhat 
peat« in eluldren tlian in adults. 

ti. We have already defined the scope and meaning of a theory 
apalial ideation (g 0Ö- ^)- All that psychology can do is to elucidate 
Ftubjcciive conditions of space perception; it is not concerned to 
explain space perception as such. If we ask what these conditions 
we see that dilTetenl answers are possible, (i) Where vision is 
the tjtciual space pecception will ordinarily consist in a 
idea of the cutaneous area touched, of tlte movemenls of thef 
lb«, etc. (ii) But a judgment may also be funnulated directly at\ 
instance of the touch «cnxations themselves, which must accord» 
(as some one huK put it) be 'qu;i.ii -spatial'. This order of 
perception is best illustrated in congenital blindness, ^lii) And 
ihiidly and lastly, the locality of an impression, the position of aj 
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limb, etc^ can be indkaied by 'localising' movements. Hitherto, do 
sharp [ine of diviäiun has been drann between these difTcrent mode* 
in which the Hpati&I peculiarities of the sense of touch may find 
«qwession, although their discrimination is atoeaary in the iotercsis 
of psychological analysis and theoretic explanation. Id particulu. 
we are still in jgnoivice aa to which of the three forms o( spalnl 
ajgpfdiensioD b the most accurate, and therefore possibly the raotl 
OC^IUl in its application to the tactual data. The commoc «JenMOt 
in an of them is the unequivocal relation in which the tactual »&• 
sations must be conceived to stand lo visual ideas, direct judgmcna 
or movements. The first problem presented by the facts of tactiul 
space perception is accordingly that of the origin of tliis unequivocal 
ration. — how it has arisen that a touch upon the back of the hand, 
when the eyes are ctoaed, excites just the visual idea of this part cf 
the slcin and no other, jmt tlie particular name of this cutaneou« 
area, or just the special movement of the other hand to the stimu- 
lated surface. 

2. The first ootewtnthy attempt at a lesoluticot of this problem isl 
Lotae's Ihniiy ofJeealligm.' Its metaphysical origin need not delay j 
us here, mere par^UlSily as we may neglect this without prejudice to 
the psychological constiluenls. of the hypothesis. Lotzc sets out to 
explain the inexchangeablcneas of impressions, I'.ir., the feet that every 
impression is invariably lefetied to a dcfinilc localitj-. ^is reference 
would not be possible unless they somehow varied with thcii place of 
excitation!) < If the s^nsalions from the skin of the hand, lU., «era 
wholly siinibr to the sensations from the skin of the back, it is not 
conceivable that the mind could acquire the ability to localise each 
group conectly.y Lotze accordingly ascribes to the locally distinct o&fl 
distinguishable cutaneous impressions a specific qualitative colourii^ or ^ 
shading which he ciprcsscs by the phrase ' local signatur e'. Thelocal 
s^n combines with the cutaneous impression depeoBent iqwn the 
quality of stimulus (f>., pressure or temperature) in th« form of an 
association, in which neither constituent modifies the peculiar character 
of the other. Loize gives us some idea of what he regards as the 
nature of the local signature' by pointing out that the skin is very ,^ 
diflerent in structure at diflerent parU of the body,— now covered byfl 
a thick, and now by a delicate epidermis ; now tighily stretched by ' 
its attachment to the bones, now elastic -and displaccable within wide 
limits ; now spread over a cushToD of fat« now pas^g over boiw o^H 

' ■■-"- *' -■- parts of the body the 

by slow degrees, In 
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tnilueQce the intensity of the iiopiessian. The system of local sipi« 
would consequently consul «imply in %-arying degrees of intciisiiy, 
demonsliable hjr the same xtimuhis over dilfcrcnt regions of the skin. 
But it is also possible to interpret local signattirc as a qualitative 
colouiing. and this view is actually represented by certain psychologists, 
t-g-, by Wuntlt. 

5. The thought upon which this whole theory is based is thai the 
dtsting:uishing characteristics which mediate the localisation ofinjprcs- 
aons must all be of a eomtioia nature. And here we see tlie influence 
of metaphysical prepossession. It was difficult to cont-eive that the 
unequivocal relation obtaining between tactual impressions and visual 
ideas. Of other lactoni sukserving lucallsation, could have arisen without 
ooiucioux direction, by way (pcrhap.t) of purely pbysiulogictil connection. 
But there is no juslificalion for the assumption of these conscious 
intenncdianes in the &cts of consciousness itself. ^ It has been 
found that a longer time is required for the discnmin^iti'oD of intensity 
than for the discrimination of locality (cf, § 71, 2). This is in itself 
sufficient evidence that the first cannot be the basis of the second, 
{ijl Moreover, we arc able to graduate the intensities of two pressure 
slimuU at dilTcrcnt parts of th'b skin until the impressions appear to be 
equally int(^n.tive. But pntvidul tliat the absolute intensity of the 
MDSaiions interposes no difficulty, the discrimination of locality is not 
aSlectcd in the least, (iii) And again, one of the most prompt and 
certain funns of localisation under normal conditions is reference to 
the right or left side of the body. Now if we take two entirely 
tynimeirical aicas, *^., the back of the right and the leß hand, wc 
ha^-c very great similarity of anatomical conditions. On Lolzc'a view, 
llicrcfore, the discrimination of locality should here be vct^' di fficult, if 
■ot altogether impossible. From all these reasons wc must condü3SC 
Ihal the theory of local signature, at least in the special form in whidi ) y 
Lolzc has applied it to the sense of touch, is ujUcoable. 'But neither I' 
does there seem any adequate groimd for the assumption of a quali- 
lative colouring, vatyiug with the [larticular locally distinguisliablc 
cntaneous impressions. The hypothesis puiSts a very large number of 
discriimnable qualities, of which we find no sufficient evidence in 
cniacwusness (cf. § 10, 4). 

4. At all o'entx, the connection of tactual impressions with localis- 
ing mo\-cmcnts is possible without any participation of coi)$ciousnc9i>. 
The decapitated frog which b touched with ac«tic add at some point 
of its body, brings one or the other leg to the stimulated part with 
great accuracy of movement In sleep, too, we brush aside unpleasant 
ctttaaeons imprcssioas without knowing anything of our action. It b 
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an obvious coajoctiuc, then, that the real basis of tactoal tocaljntioii b 
to be looked Ux io the movi^eQt se^^tioos aroused in tis \>y these 
localising touches of stimulated regions. And the view is represented 
hy Bain and others. Even where movements arc not directly executed, 
we arc supposed on the hypothesis to Dottce the impulses to move- 
mcDi, and to argue froca theit character to the locality of sttmubtitHi 
" But there aie three o bjectioDS to the theory, (i) In the first piacc, 
it is altogether Enable to explain cases of wholly unconsciouit and reBo 
motor localisation, (ti) Moreover, it really does no more than push 
the entire problem one step fuillier back, since the othci quesuon 
at once arises how the movement seniatiuns have acquired this ua- 
cquJvocal relation to viswd ideas or judgments, {iii) And lastly, the 
original problem remains tinsolved. For the unequivocal reltiion 
obtaining between cutaneous impressions and localising movemeDB 
«till requires special cxplucialion, x.t.. the hypothetical ascription of 
some kind of spcdfic character to the former. Nothing is tell, there- 
fore, but to transfer the local signs to the sphere of uiatoiay or 
physiology. We must then demand eitlier a specaal anatomical 
connection, or a physiological connection perfected by practice, 
in virtue of which locally determinate cutaneous stimulatioos give 
rise to wholly determinate movements or visual ideas or J 
mcsts. 

j. The most original of these localiang ^tors b, in all piobabili^^ 
the movement towards the stimulated part. For there can be no doubt 
that the connection between visual ideas or direct judgments and the 
different cutaneous impressions takes shape in the course of the indi- 
vidual development, while certain localising movements are almost 
cert^nly inherited. Moreover, we may suppose that the connoctioD 
of visual ideas (under normal conditions of vision) with cutaneous 
stimulutionx is not only earlier than the fonaation of an immediate 
space judgment, but is also, as a general rule, more accurate in its 
indication of tlie locality of, the impression. Hence it would follow 
that the direct space judgments,— the accurate employment ol which 
presupposes, of course, the further acquisition of a system of special 
sjTnbols,— were originally developed under the influence of the other 
two instruments of locatisaition, sight and movement, and arc cveo 
now to some extent dependent upon them. We may, accordingly, 
confine our present investigation into the ajuditions of k)calisation to 
the discussion of visual ideas and tocalLsing movements. The quesp 
tioQ then arises, whctbu the k>cal signs (we use the team 'local sign' 
in iu most general significance as the equivalent of 'condition ol 
localisatioD ') arc to be conceived of as anatomical or physiological b 
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origin, (i) Ad anatomical coiuiicctioii of pcnphcral and central oon- 
doctioas is wholly unpiobablc in the case of the visual ideas. The 
conacctioD is built up gradually, in the form of an associaiioD. It is, 
ttuiefore, impa68ible to believe that ceitain central cells, which ar« 
caxited by ctitaneous stimidi, aie given a priori in an isolated anatom- 
ical connection with ceilain other central cells, whotte excitations ar« 
the substiale of visual ideas. Nor is there any likelihood of an origi- 
nal aoatocBicai connection between cutaneous stimulations and localis- 
ing movement». For the transference of an excitation from the sensory 
lo the motor centres of the spinal coid may be very dilTerentiy medi- 
ated, and lake very different directions, (ii) We ate thus forced to the | 
coadusioD that local signature has been physiologically originated. I 
There then arises the further question, whether the unequivocalness 
of the local sign is detcnnincd by the nature of Üie excitation as 
cenlnl or peripheral. We may answer it by a reference to the 
phenomena of localisation in cases of tiansplantaiion of fragments of 
the akin. If a piece of the skin of the forehead is used to cover the 
noaCi /,;.. a touch upon the transplanted area calls up the idea of a 
toodi upon the original locality, and is con-iicciucnily referred to tlic 
forehead, for a considerable time after the performance of the opcra- 
tioa. We can only interpret tliis fact by making the peripheral ner- 
vous teiminations in the *kin of determining importance for localisation. 
FurthtT evidence to the same effect is afforded by the gradual correc- 
tiOD of the enoDootis localisation, which comes with practice under 
the changed oonditions. We conclude, then, that the local signs J 
must be regarded as physinlogical peculiarities ^f peripheral cxritaüon. ' 

6. The spatial functions of the articular sensibility must be 
explained in the same way, i.i., by the h)-pothens of a local sig- 
nature in the form of physiological peculiarities of the peripheral 
. ieasof7 excitations. But before we apply this principle in detail, we 
must attempt to analyse a phenomenon of the articular sensibility 
wbkfa has aroused the belief that there are specißc 'movement scn- 
salioos' in addition to the 'sensations of position' noticed above 
(§ ''}' 6; § 56> 6)- It has been lound that the judgment of 'move- 
ment' may be loimed, before there is any knowledge of the direction 
wbkh the movement takes, or of the positions assumed by the moved 
Bnb between its limiting points. An exactly similar phenomenon 
occtns with movement of the eyes in the darkened field of vision, 
and agaiOt wlien an external object moves rapidly for a short distance 
over the akin or in the field of vision. The qucslioo is, then, 
«lielhei we must asiume the exitteiKe of 'movement sensations' of 
ft specific kind. Now the f^ct titat the same result can be produced 
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in 9o many diflereot ways is a suffictcat indication thai it b not due 
to dcÜniiG sensory conditions, but is a phcnomcnon of EQore geaenj 
psychological significance. And, indeed, we find it re-a{>pearisg 
in variotLt other sensoty judgments. Thus in the dtccnminalion 
of »enaation difTerences, there is a certain lower limit of objective 
difTerence, at which we can say that a differaice exists, btit have i^^ 
idea or its special nature. Hence, if we assume Rtovcmcntsensatiox^ 
in the one ca.'ic, we should assume a specific 'difference scnsatio ""^-^ 
in the other. But neither assumption is valid. The real ezplanati^^ -^ 
of the facts lies in the character of the relation obtaining beCwi,w "^ 
the direct and indirect sensitivity and scn^blc disciimination (cf. %^ ^ 
In other words, not every sensation or sensation difference Rn .«~*^ 
adequate expression in a judgment, but the formation of the judgmcs^ ^'^ 
is subject to special conditions. Thene conditions come under tT-^' ^ 
general rubric of axsociation. The most important of them I 

expressed in the law that general or abstract names arc more casE ^>s-sin 
reproduced than concrete (§ 3?. 5, 6). The judgment of ' moventenr ^=ad 
is certainly of more general sijfnificance than the judgment of 'mov^^*v» 
ment in a definite direction' and 'of definite extent and duraiio^^=)D* 
Hence a movement of slight extent and high rapidity will repiodi 
the more general jiiclgmcnc, though it is unable to call up a mc^^'tfr» 
special definition. There remains the other point. — that the vaiio» — sus 
positions of the moved limb are not sq>arately remarked. TI^E As 
phenomenon, again, has many analogies: wc arc unable to d-^i*- 
criminate the various degrees of intensity in the rise of a tone, ^ 

the growing brilliance of an illumination, and in an increasing presse — ^^ 
upon llie skin. And we have seen that the estimation of any sens^^"'}' 
impre^on requires a certain amount of time. Here again, then, b^^" ^ 
phenomenon of general occurrence, referable to the Esct tbd i^^^*^ 
every attribute or alteration of a sensation is expressible in a paittcu^ -^^ 
judgment. When it appears in connection with continuous chan^^? ^ 
of intensity or quality, however, we do not at one« set up a si>ec« -**" 
class of sensations (sensations of rise and ßül, *.^.). So here, i^*'*'\, 
need not assume a specific 'movement sensation' in contradistinctic^' 
to 'sensations of position'. j 

7. We may now pass to the consideration of the special forr:^^ 
assumed by the local sign theory in its application to the facta c^ 
cutaneous and articular sensibility (g 56). The dclimitatioa of th 
local signature at different parts of tlie skin has been suggested, 
particular, by the experimentt on the space Umert. The fint 
to mention in this connection is Weber's hypothesis of umaiio 
tinlu (S 56. j). It is based upon llie valid assumption that a fuff^ 




tniioeable aeparnleness of sensations is inilicative of the relative 
dimeruions ol the area covered by stimuli at cliffetenl parts of the 
skin. The sensation circle is simply an area of this kind, charac- 
terised bjr the indistinguish ability of two stimuli which fall within its 
borders. Wcbci accordingly looks upon the skin as a mosaic ot 
sensation circles, which differ in form and magnitude from pait to part 
of its surface. Sensations originated in neighbouring ctT^les dilTei very 
sb^tly; and thcli difTcrence increases, up to a certain limit, witli the 
tnimber of separate sensation circles included betireen the two poiiib 
of contact. The perception of an ioterval between these points re- 
qnireB the intervention of several unstimulated sensation circles. A 
vague recollection of their number arouses in the mind the idea of 
an interval, and this interval increases subjectively with the numbct 
of urutimubted circles. The specific sensitivity of the circles, finally, 
is due to differences in the distribution of sensory nerve trunks, 
whose pciipheral radiations do not mediate spatially discriminable 
sensations. 

Weber's theory, however, cannot be reconcDed with Ooldschcidcr's 
observation that a space limen ts obtainable from two ncighbouiing 
pleasure spots; for in ihxs case it is impossible to suppose that a 
certain number of unstimulated sensation circles intervene between 
the just noticeably separate stimuli. Coldschdder accordingly substi- 
tute» for the sensation circles a system of radially disposed ner^-ou* 
lenainations. 

8. In one respect, however, Weber's whole idea needs revision— 
as regards the psychological relation between the just noticeable sep- 
anteness of two points in contact with the skin, and the distance 
contained between them. The connection between scparatcness and 
distance can only be interpreted in one of two ways. Either wo 
must assume (and this is the more obvious supposition) that the im- 
pTCoion has a very different extension at different parts of the skin, 
so that the least noticeable distance always remains constant, and 
wears so difTcrcnl an appearance in objective measurement simply 
because the extension of the separate stimuli is very diOerent in 
scntation: or we must imagine that the estimation of the spatial sig- 
nificance of difTcrcnl stimuli is essentially different in different jilaces, 
SO that, *-g; a given distance upon the back has a quite different 
significance firom the same distance upon the forehead. In the former 
case, i>.| the dificicnce of the space limen would be attributable to 
the different subjective extension of the stimuli; whereas in the 
Hcond case, the difference would be reducible merely to a relative 
overestimation or underestimation of the stimulus distance. We can 
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haidly decide in favour of dthcr view, until investigations have b«en 
made into the perception of extension. In all probability, however, 
both processes aie concerned in the production of the observed 
result. The second explanation in paiticnlar finds distinct support in 
th« Eftct that the subjective differences of extension with simple con- 
tact aie not so large as we shoud expect them to be, if the fint 
alone were cogent 

Still less can be said at piescDt of the local signature fA the artic- 
ular icensibUity. There is a certain connection bet«-een the number 
of cutaneous nerves within a given area and the delicacy of spatiil 
discrimination. But nothing is known of a smitar topographical 
dixtribution of seaaoiy nerves over the articular sui&ces, althoi^h the 
differences in senstivity (or extent of movement in the dUTerent joint* 
seem to suggest it 

g. The space perception of the congenitally bund is almost excl 
sively mediated by the functions of the cutaneous and aitktda^^ 
sensibilities, — apart, of course, from the ver>' accucutc localisation of^ 
auditory impressions. Wc caimot hesitate to identify the spatial^ 
atli^bules of cutaneous sensations, at least in principle, with those of^ 
vision. Extension is a common properly of these two senses, just as ' 
duration or succession is a common predicate of sense impressions in 
general. We must believe, therefore, that congenital blindness is com* 
patible with a ical space perception. We have alrc-idy remarked 
incidentally that the spatial funcuoiis of skin and joint are ordijiarily 
more delicate tn the blind than where vision is normal (§ $6. 2, 4, 6). 
The fact is probably referable simply to the greater share of the atten* 
tion, and to the more constant practice which the sense of touch 
receives in blindness. But there is no evidence that the tactual i^ce 
perception of the blind furnishes them with any new quality of sen- 
sation. Thus the 'feeling of distance', which often reaches a high 
degree of dcvclrjpmcnt, seems to depend entirely upon changes of 
pressure or temperature noticed by the pccuhaily sensitive skin of the 
face as an object is approached. The space idea in normal nskn b 
far richer in qualitative variety, far more comprehensive at each 
moment, and far more differentiated (owing to ihe greater refinement 
of the retina as an organ of space perception) than that of the Uind. 
Hence we can understand that a congenitally blind patient, restored 
to aght by operation, accustoms himself slowly and with difficulty to 
the new world of visual space into which he is suddenly intioducod. 
But his inability to name objects presented to him does not justify 
the conclusion that he has at first no visual space percqition at slL 
The colligation of the familiar name witlt the absolutely new consciouii 
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contents miat be learned, as ii had lo be learned originally in tactuiil 
space perception. 

IOl ObHenratioDS of the results of operation Tor congenital blindness 
are not adequate, then, — :is has often been supposed, — to the settlement 

a theoretical controversy, tJic controversy of tm^iriim and nalivism. 

e nativistic theory of space assumes that certain constituents of 
»pace perception are ooanate or given a priori. The cmpiristic theory 
lecEaFCS, on the other hand, that the whole system of space perception 

a product of gradual development. It is evident that the distinction 
ica psychologically important only when an originally 'spatial* is 
icd to an originally 'unspatiaJ'; when. ».«., the theories take the 
fonn (i) that certain spatial attributes attach to the very first visual or 
tactual idea which appears in consciousness, and (ü) that spatial attrib- 
utes do not primarily attach to these ideas at all. A strict cmpjrlsm 
in this [alter sense seems tenable only as connected with some meta- 
physical view of the mind. Psychologically, it is imposible for us to 
conceive of a nsual or cutaneous sensation wholly deprived of spatial 
cbaiscter. It is sometimes urged that the auditory nerve might also 
have a spatial function, since its separate fibres are capable of bolatcd 
conduction. The objection overlooks the fact that a simple corrcspond- 
ence between the points in space and particular sensory terminations] 
obtains only for skin and retina. Only the sensations excited in tliesO'' 
two organs, 1./., can be accredited with direct spatial attributes. The 
correspondence is not the same even for the articular sensibility, where 
it subserves the de«!opmcnt of the idea of position or movement. 
An unequivocal connection between the local signs of articular imprcs- 
nns and the movements of the limbs is the presupposition of the , 
great importance which they come to possess for certain spac« ideas. { 
llie controversy between nativism and empiriam would seem, therefor^ 
U be based upon misundcrsianding. 



fS S8. The External Conditions or Visual Space Perception. 



I 

^H I. The external conditions of tactual space perception are compara- 
tively simple and readily distinguishable. Those of visual space 
perception, on (he other hand, are extremely complicated, aitd we 
most consequently devote a Section to the consideration of the diffci 
äctois which the spatial judgment involves. The spatial functions 
monocular vision are dtfTerent from those of binoctilar. and those of 
the resting eye from those of the moving. Moreover, the retinal 
image which corresponds to an object in external space b dependent 
upon the refraction, constant or variable, of the rays of tight In their 
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path through the vf^ We wOI, therefore, begin with a brief t 
oE the ejects of these different conditions upon spatial vistoo. 

I. Monocular Vision. 






(a) TTtt Rtiting Eye. — The rays of light which penetmte the ejt 
are more or less limited in number by the small size of the pupil, 
and changed in direction by a series of refractive media, (i) The 
small sisc of the pupil sets ii limit to the extension of the spatial üeM 
of the retting eye. The limit is «-ariable, as the circle of the pupil 
varies,— reflexly constricted or dilated by the muscles tpkindtr nd 
dilalalor fufiUa* of tho iris. The pupillar reflex bears no direct 
relation to the spatial character of the seen object. As a general nil*' 
strong stimuli produce constriction and weak stimuli dilatation, ihowg'' 
the reilcx is also subject to oiganic conditions. 

2. (ii) The media which change the course of the rays of %** 
are as follon-s, in the order from without inward: cornea, aqi»eo** 
humour, lens and vitreous humour. Each of these media has 
different index of refraction, as has eadi layer o( the leDS. It f^', 
usual to discuss these influences under simpler conditions, in th^^ 
'reduced' eye of Listing, — an eye which has only one optical centr^^ 
and, therefore, only one point of inteisection of all unieftacted ra> 
Tliis point is termed the nodal point of the lines of direction, 
lies in the posterior curvature of the lens, at a distance of about 15 
mm, from the retina. The construction of the retinal image of the 
reduced eye is exceedingly simple, since all the various oonditioa» 
of refraction are conceived of a» concentrated in the lens, vhidl is 
eOicn given a single ideal exponent The tens itself acb as a conveigillg 
lens, so that the retinal image of 2 visible object is inverted, dimiidshed 
and real. This image will plainly be distinct in one case only, — when 
all the rays proceeding from a luminous point meet agidn in a single 
point upon the retina, ff, therefore, the curvature of tlie refractive 
medium were Invariable, as in an ordinary glnss lens, distinct visioa 
would only be possible at one definite distance of the object from the 
eye. The eye, however, possesses 3 mtthanism of auommodalipn, by 
which the degree of curvature of the lens can be varied within fairly 
wide limits. The limits of accommodation arc the limits of distinct 
vision, and arc generally referred to as the 'near point' and the 'lar 
point* of accommodation. Changes in lenticular curvature arc effected 
by the contraction of the muscle of accommodation, which is attached* 
to the choroid coat and pulU upon the zonula Zinnii, a membrane 
surrounding the edge of the lens. If the muscle is unstimulated. 
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trtenibnne !■ stieicbcd taut, and so gives the lens a weaker rurvature.J 
If tlie muscle contracts, the choiMd is btouglic [oTwarO, the iunu!li 
rdaxed, and the lens forced into a stronger curve by it« own elaclic 
teoKon. 

}. In the einmetropic (normnl) eye, the far point of accommoda- 
lion is infinitely distant, the near point ij to 13 cm. from the eye, 
In the myopic (short-sightcd) eye, the far point is brought to a finite 
distance and the near point also approaches the eye ; in the hyper- 
meboiNc (long-sigh led) eye, the near point is abnormally distant. If 
the eye is wrongly accommodated, the object seen gives rise to 
dispersion images upon the retina, due either to the meeting of the 
nys proceeding from a luminous point in front of the retina or to 
the situation of tltetr ideal meeting point behind it. The mcchi^nism 
ol accommodation thus secures 8 distinct vision of objects at very different 
distances attd within wide limits of absolute distance. 

The scn.siiive retinal units are the cones (cf. § 21. 2]. These occur 
in the greatest numbei» in the fovea centralis, a transparent depressed | 
area at the centre of the yellow spot (macula lutea). At ttiis point 
•one i3>50O cones have been counted in 1 O mm. The macula lutea 
is temicd the ^ot of dearat visiou. It is principally employed in the 
■fixation' of an object. Hence wc distinguish between direct and 
indirect vision : if the retinal image of an object is formed at the sjSot 
of clearest vidon, it is seen directly ; if it is formed at some point iOj 
Ibe latcjal portions of the retina, it is seen indirectly. The line of 1 
function between the fovea centralis and the luminous point is named 
the vitiKit axis. It meets the line of junction between nodal point, 
and luminous point, the optical axis, at an angle of about 5**, whose' 
vertex lies at the nodal point ([loint of intersection of tlie tines of 
direction), The different distances separating the cones correspond 
to the different distance» between spatially discrimiiutble pressure 
tpots in the skin. The diameter of the point of a cone is about 
a6|( (1 it = T^tt mm.); and the distance between cone and cone seems 
to be not much greater than this diameter: it has been measured as 
ibooi 2 f. The Tcsiitig eye is accordingly as veil fitted for every 
kind of qiaiial function as is any not moving part of the skin. Exlen- 
tiofi uid figure, distance and position and movement can all find 
Kpresentation cm the resting retina in monocular vision. But besides 
this «a have a definite empirical aitcrion for the distance from tbej 
eye of « visibte object, in the strain of accommodation and dispersion 
images. The rarious degrees of aoconunodalion may arouw 
teniatioo, and the dispei<itoo images indicate the portion of the object 

Bgrrcs liae to them as before or behind tlie object of distinct vision. 
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4, (^) Tht Moving i^.— llie e^ball ü a sphere, moving with greafl 
ease and rapidity on the UAtj L-uahkm of the orbit. Ail its ram-einenW 
are movements of rotation, aiwl tlic point niund which they are made, 
the pfjiitt of rotation, lies some 6 idid. behind the nodal point on the 
lint 0/ ngard, tlte line of junction betvreen the fixation point and the 
point of roUtion. Tlic angle fortnod by the rays which pass through 
the nodal point ix tlie viittiat angle ; the angle which the eye deacriba 
in movement the angle of roLition. The angle of rotation is, amonl- 
ingly. always somewhat smaller than tlie visual angle, for a oonstant 
diataooe of two points in space. The eye is moved by means of bi 

''mufldes, constituting three pairs of antitgonLttti. TTte linct pair, ifae 
iBiemal and external recti, turn the eye (outwards and inwards in dK 
borisontal plane ; i.*., their axis of rotation lies in a vciti<:al plane U 
light angles to the line of regard. The second pair, the supcnior and 
inferior recti, turn the eye up and down, but exert a alight poll inwaid» 
at the «me time. Their axis of rotation is, tberefoie. pcrpendtcnlar 
neilher to the line »f r^aid nor to the axis of rotation of tlie first 
pair. It makes an angle of about 70* with the line of regard. The 
rotatory movement in this case is consequently more complicated. 
We may regard it as composed of a rotation round a horiiontal axis, 
culling die eye at the point of rotation, and pcrpcndicuLir to 
vertical axis and to the line of regard, of a rotation round the line 
r«gard, and of a rotation round a vertical axis. By the first ccmiponeni 
the eye is raited and lowered, while by the otlicf two it is rotated 
btwards. A rotation whose axis is the line of regard is termed 
torsion or swivel rotation. Its m^nitude is measured by the angle of 
torsion. 

5. The movement produced by the third pair of muscles, the 
snperioT and inferior obliqui, is also a composite rotation. The 
superior obliquus lowers the eye and turns it outwards; the inferior 
raiaea the eye and turns it outwards. The axis of rota6on of these 
ntosdos lies in the same plane with the horiirontal axis and the tine 
irf regard, but makes an angle of y>* with the lattor. The superior 
obliquus, i.f., iisüsl* the inferior rectus to depress the line of regard, 
but is antagunlttic to it as regards torsion ; the inferior obliquus assists 
the superior rectus to raise the kjk, but is similarly ant^ontstic to it 
with r<^ard to torsion. There is only one movement which can be 
effected by a single pair of muscles, — movement outward.t and inward«. 
Movement in any other diicdion requires the co-uperatioa of four 
or of all six muscles. 

The spatial functions of the eye which depend t^pon movement 
are (i) primarily indirect: mo\-ement changes the retinal image of the 
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resting eye, under mmtant conditions of external environment The 
spot at clearest vision can tlius be brought into connection with 
differant external objects over a fairly wide area, and the whole field 
of vision it cotuiderably entnrged. Movement of the eye would in 
this respect be prcrisely analogous to movement of the head or of 
the whole body; and would be prefetable to either of these move- 
ments simply in virtue of its greater facility and n^idity. Bat (ii) 
«ye movement has also been held to exert a direct influence opon 
visual space pcrcq)lion. The muscular sensations produced by the 
contractioa of the diflcrcnt eye muscles, it is said, furnish a delicate 
^^and accutale measure of spatial distances. We shall discuss the 

r of tb 



II. Btnocolar Vision. 



{«) Tike Rttliag Eya, — A portion of the fields of vision of the 
eyes is coincident in binocular vision, while the remaining ports 
of the total (tcld are seen only by a single «ye. The luminous points 
in the commc»! portion, the centre of the full field, are represented 
upon both retinae. They may, however, be seen a.s »ingle; in which 
ose tlieir ])oints of ri^preseiitation upun the retinae are termed 
*«rrtsponditig or identical points. The position of these points is not 
anatomically determined, but is very largely dependent upon ibc 
«pedal practice of the eyes in binoailar vision. Thus they are 
«USercntly situated in eyes which squint and in eyes whoso movement 
is symmetrical. Only in the latter arc they symmetrically ammged 
-with TcfCTcnce to the fovea centralis. But their strict localisation is 
not possible at any time. Circumstances may always arise under 
^vhich a unitary image of a luminous point is mediated by asymmetti- 
«ally situated retinal points, although the possible variatioa frtnn 
^mmetry is txit large. We cannot, therefore, conectly speak of 
<:orTesponding 'point«', but must rather say that each sensitive point 
opon o(»e retina 'corresponds' to a small area upon the other. The 
«urn total of luminous] points which find representation upon corre- 
sponding partK of the retinae is called the koropttr. The mathematical 
OHMtruction oi the horopter has often been attempted; but the 
variability of the coircsponding points deprives it of all practical 
importance. If 3 lumiiMus point stimulates retinal points which lie 

I beyond the limits of correspondence, we have two spatially separate 
Kftaations, or double images. Tlus single or double vision <A otijects 
h space constitutes an important addition to the spatial functions of 
ihe nsling eye in monocular vision ; double image* enabt« *ak ^f» 
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measure dtstance in the tbird dimensioii witli great accural 
thus tran.sfom area) int» tridimensional vision. 

7. (4) Tht Mooing AV«.— The ends of visioo an; greatly fortherod 
by an aotomatic co-ordinatioD of the movements of the two eyeSr! 
which ia perfected at a comparatively eaily stage of individual derd 
opment. Thnc arc then, as a genera] rule, only two possible fonw 
of movement: (i) paralltl movtmeni, during n-hicfa the lines of regan) 
of the two eyeä lemain constantly paraUd to each other, and (fi) move- 
ments ol c«nt!frg€nct, in whicti the lines of regard of the two eye 
inteisect at some point of objective space. Movements of divergenct^ 
iV, movements in which the two lines of regard would intersect U 
a point behind the eyes, occur only in exceptional cases, as tbc 
result of special practice or a pAthological disability of certain musctes- 
Parallel movements may be regjirdcd as movements of convergence 
ID whicli the lines of regard intecsect at an infinitely distant point of 
space. Mo^'emcnts of convergence are furtlicr dinclcd into symmttrieal 
and asymmitriial. In symmetrical convergence the lines of r^ard 
make equal angles with the horizontal a^cis of the two eyes; ina^rm- 
metrical convergence these angles are unequal. Asymmetrical con- 
vergence is confined to movement from without inwards and from 
witltin outwards: convergence of the eyes U])ward or downward is 
always syminelricaL The orientation of the eye, t.t., its position wil 
regard to objects in the field of vision, is by no means constant 
all movements. It has been found, more particularly in cxpcrimen' 
upon the apparent locality of after-images, that a constant oiientatioa' 
of the «yes during movement is only possible under one conditioii. 
that the movement be made from the primary posiiion, in which 
the lines of regard are parullcl and inclined a little below the hori- 
zontal plane. SteonJaTy poiitioHS arc reached by simple movements 
outwards and inwards or upwards and downwards, i.t., by movements 
in which either the plane of the primary position or the parallelism of 
tlie lines of regard is retained. Tertiary positions are reached by 
convergent movement of the lines of regard upwards or downwardly 
i.t., by movements in which neither the parallelism of the lines of 
regard nor the hotiiontal plane of the primary position is preserved. 
The divergence of all these new positions hom the primary position 
ii expressed by the magniiude of the ascensional angle or the angle 
of lateral displacement or both. ^U 

8. The first secondary position can be brought about by the ex-^H 
elusive action of tlie external and internal recti. The second require» 
the combined action of (he superior rectus and inferior obliquus, or 

of the inferior recltis and superior obltquus. A tertiary position can '• 
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only be obtained \>j the combinatioo of all three pairs: movement 
outwaids and dowawaids. t^., ptestupposes tlie co-operation of the ex« 
terioi and inferioT recti and the superior obliquus. All movements 
-of this kind involve torsion of the eyes. We need not consider Ihc 
form!« und laws of these composite eye movements in detail, as their 
intefcst is puidy physiological. But it may be noticed that the icla- 
tioa between orientation and «Urcction of movement has evidently 
laken shape under the influence of visual experience. It may be 
icgaidcd in essential as a puqjosi^x connection of the two eyea for 
common GxaiioQ. Hence movements of divergence, which would be 
unserviceable for this puipoie, have not been developed at all. Tlic 
two lines of regard can only move under the condition that a common 
fixation point is passible, and the displacement of the celinal imago 
is intimalely rebied to movements of regard. Another factor in the 
rasutt b the [irelererice accorded to the fixated parts of the field of 
^^■rision by the »elective function of the attention. 

^^ Tk b again questionable whetlier the movements of the eyes in 
^pblftocular vision stand in a direct iclation to visual space estimation, 
t "" Aie simply indirect aids to spatial pcrcepiioD, like movonenta of 
head and body (cf. j above). If the former %-iew be held, ii becomes 
ncccaaty, in the interests of psydiological theory, to take account of the 
mtiscolai or other sensations arising from eye movement, and to cx>n> 
ader the relative strength or weakness of tlie particular muitcles, i.e., 
the mechanical conditions of muscular action in the orbit. Otherwise, 
these qutsttionx need not detain us. Movements of convergence at 
ail events fitmish a means for the estimation ol the distance of an ob- 
ject from tlie eye. The degree of convergence is a measure of the 
pRucimiiy of the objccl. There is a close interconnection of movement 
uf convergence and accommodation, so that, as a general rule, the 
object ol binocular ßxation is dearly seen. Recent investigation baa 
made it probable that this intcrcoimoction is connate. 



$ 59. The Facts of Visual Space Perception. 
L The Estimation of Extension and Distance. 



(I. The just noüceable visual extension and disunoc are cxceedtDgly 
smalL Their delennination b quite simple: two luminous points, white 
lines, etc, at a constant distance from the eye. are ^>proxiRiatcd or 
sepiirated to the limit at which they ate just noticeably dbtingtuihable. 
Eiüier the visual angle or the distance bctvcen the two letmal images 
any be used to express the iunntu of vUion, i>., the capacity of 
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discrimination of points in tpakoe. It Iuls been foimd that keenoes» 
uf vision is largely dependent upon the put of the letim stimulated. 
It is greatest in direct vision, and docrouct continuously towardx the 
latei^ portions of the retina, so that its vahie at 30* to 40* from 
the fovea ccntiaUs b only -^ of its value at the cealTC The futt 
noticeable distance of colours and brightocssca in direct viaon it 
about one minute of aic (visual angle) 01 01004 mm. (disoaoe 
between retinal images). It is probable^ however, that this icaolt » 
vitiated by irradiation, the difTiLiioii of tlimulaliciD on the retina: al 
tcast, a much snaller value has bc«it recently oblatoed by a däferent 
method. Two lirtes or sliti were takai, one bdow the other, and 
thcii relative portion altered until th« change in diiection became 
just noticeable. The mual angle was here only 10" to 11" [seconds 
of arc), and the corresponding distance between the retinal images 
only OLOD089 nun. 

2. Tlie accuracy of the eye for the coicparison of space» of tome 
leitgth, ty* mtasuttmtnt as it is called, has been made the subject ol 
frequent investifption. The chief points at is&uc iiavc been the valid- 
\\y of Weber's law for the sensible discrimination of visual extension, 
tlie ]>art played in comparisoii by eye movcmcnls. ihe influence of the 
qoahty of tlie estimated distances upon the judgment of theii eitenL 
etc. But no satisCactury conclusion has been reached, despite the 
number of experiments made. The outcome of tlic different researchea 
has not alway» been the same; in some cases the method employed 
has been exceptionable; and there aie various circumstances whose 
iiolation, while necessary for certainty of icault, is very difficult, if not 
impossible. The absolute sensible discrimination has always been found 
to decrease wiih the extent of the distances compared, both as regards 
magnitude (method of minimal changes) and delicacy (method of 
average eaor). The relative scnublc discrimination appears from several 
investigations to be constant wilhia certain limits, with a relative differ- 
ence llmen of approximately ^. From others, however, it would seem 
at first to increase and then to decrease with increase of the distance, 
and to show no constancy over ariy particular region. The quality of 
the compared distances is of great imjmrtance for the estimation of 
their extent. We have evidence iif this in our everyday ex|>erience: 
a liCc-size portrait appears smaller tlian it really is; if we try to draw 
the diameter of a hal[<crowD we ordinarily nudce it too small, etc. 
Distances which arc bounded by two points, 'point dbtanccs', are taken 
to be smaller than ruled lines of equal objective length; while inter- 
rupted lines, composed of a series of p(»nts or small dashes, appear 
longer than ruled lines. Tlie position of the compared distances is 
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,11. Tbe Estimation of Position and Direction. 



xlso of importance. Vcftk.il distances generally' appear taigcr than 
horizontal, and a distance to the tcft greater than a distance to the 
right. If Vro space lengths are compared at diflercnt distances from 
the eye, the more remote is relatively overestimated. Again, it has 
been shown that the sensible discrimination of the moving eye is 
greater than that of the resting, and that in cither case it is somewhat 
greater with binocular vision than with monocular. Comparison b 
apparently most accuialc when the eyca are allowed to move uncon- 
stiainedly to and bo over the stimulus distances, for a little time before 
jitdgment b passed. A purely successive estimation diminishes sensible 
dbcifanination, more especially if the distance of comparison does not 
simply replace the normal distance, but b shown In some other «pot. 
The renill in this case is further modified by the length of time elups- 
iog between the perception of tlie two distances. 

^^^H The most important element in the determination of the position 
^HBa object in »puce, apart from ib dbtance from other objects .in 
die visual field, b its dbtance from the body of the observing subject. 
The perception of this distance is the idta of depth or of the third 
<fimentioo. This idea can only be formed by indirect means. Tlicrc 
b no spedlic representation of dbtancc in depth upon the retina, 
«liich can only reflect the extension or dbtance of objects in space in 
the horizontal or vertical direction. There are three indirect aids to 
tbe idea of depth in monocular vision: the d^rec of accommodatioa, 
dispersion images, and eye movement. The first of these has been 
e]q>erimcntally tested, with the result that the difference limen was 
approximately -^ of the compared distance. It possesses no great 
acnnaQ-. tlicrcfore. and in any case its assbtancc b necessarily re- 
stricted to tbe limits of accommodation. Dbpcrsion circles, again, give 
no definite information as to the dbtancc of tbe object from the eye, 
since the object represented by the dispersion image might equally 
well be situated before or behind the object of reference (whooe exbt- 
ence miut be assumed), i>., the object of clear vision. And lastly, 
tbe reliability of eye movement b inversely proportional to the dis- 
tance of the comp.-ired objects from the eye. In appealing to it, 
we make the length of the path tnivertcd by the point of regard 
the measure of tbe dbtance of the object (the movement 
being supposed to begin from our own body, i^., from the feet). But 
the tother ^m us two objects really are, tlie smaller, of course, b 
the movement of the point of r^ard corresponding to the di^esopc<s 
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in thdr dtstioccs. On ihc whole, iheicfoie, mouoculAi vision ft 
characterised b/ lack of penpective ot uf depth diacrimioation. 

4. There arc two principal aidx to live formation of the idea of depth 
in bino<-ulaT vision, which enable us to cstiiaate the distanc« of object* 
from our own body. These arc movements of convergence and doable 
images. Experiments upon convergence have shown that the diSerenc«,! 
Ilmen is about jV '^^ *!"= distances compared, i>., that there b coe- 
slancy of the relative sensible discrimination. But the most importanl 
aid to the estimation of depth is the diifcience between the retinal 
images of the two eyes. The right eye sees a depth difference of tiru 
points in space differently from the left eye. Tliis can easily be vcii- 
fied by observation (alternate closing of the two eyes) and by gco- 
metrical construction. The third dimension of a single object, i^., or the 
depth distance between two objects, is always diflcrently represented 
upon the tiix) retinae. Thus if a point a lies behind the pmnt of 
fixation b, in the median plane (the plane which bisects the line of 
junction of the two points of ocolar rotation or optical cenues at right 
angles), its apparent distance bom b b tlic same in both eyes, but it 
üt seen with the right as far to the right of 4 as it is seen with the 
leR to tlie left of b [uittrofuJ iloubU images). If it lie» in the median 
plane bcfurc the pnint of fixation b, it is seen by the right eye as fax 
to the left of i, as it is by the left to the right of b {fnutä doublt 
imagis). The idea of depth originates in the combination of these 
different individual functions of the two eyes (§ 58. 6; cf. g 51. 7): 
in other words, it is reducible to the difference between retinal dis- 
tances. And, as a matter of fact, it has been found in expcrimeott upon 
the just niiitccablc change of depth, that the accuracy with whidi we 
estimate depth differences in the distance of an object from oui own 
body or from a given object of reference is the same with the keen» 
ncKt of vLxion or delicacy of eye measurement. This circumstance tl 
of llie very highest importance for perspective vision. Under any other 
condition it would I>e absolutely irapussibl? that the reverse effect should 
be produced, and superficial area seen as tridimensional reali^. 

J. Our judgment of the distance of an object from our own body, 
however, i» not wholly mediated by these visual factors. There are 
a number of empirical criteria which are of importance here as they 
arc for visual space perception in general. One such criterion, *^^ 
is the clearness of the distant object. The more distinct it appean^, 
th.c nearer do we taBte it to be: hence distant bouses or mountain^ 
seen on a clear day seem nearer than they do when the air is dan^ 
and. foggy. The directions which we attribute to objcctt in spaciK 
^9!i6 already been referred to in our discusaoo of distaoce (cf, M 
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abow); but ihcy call for spcria! mention here became iheir dcter- 
ntination stands in direct relation to the local qiialil)^ of our own 
body. Right and left, above and below, before and behind, are 
primarily indicative of the position of the body with regard to the 
objects of which they arc predicated. As the icciprocal orientation 
of the various parts of the body is ordinariJy constant, the determination 
ftf thdr position is an adequate criterion of spatial diiection. This Is 
the key to the solution of the much discussed problem of the inveaion 
of the retinal tm:ige. 



III. The Perception of Piguro. 



^H 6. The perception of the figure of an object is reducible (S 55- 4) 

^Bd the perception of a sum of extensions. Of determining importance 

^Bk the limiting lines or surfaces and their position in regard to one 

Pnnoihei. We can estimate with great accuracy whether a line is 

stiaighi or curved, and whether two lines are parallel, divergent or 

convergent Vi.fual tstimation of the magnitude of die angle formed 

by tw(> convergent tines, htrwevcr, is less accurate. The j>erccption 

I of «orfac« presents a special problem, since the diMTeteness of the 

sensitive retinal imits has to be reconciled with the continuity of the 

area) field of vision. In particular, there is quite a large area in 

' either eye which is insensitive to light,— the blind sp«i at the place 

<if entry of tlie optic nerve, towards the nasal periphery of the two 

' retinae. The existence of this spot was not diacovored until the 

I seventeenth L-entuiy, and is only demonstrable by special experiments. 

I It cannot, of courac, be remarked in binocular vision, since the nasal 

portions of the monocular fields arc coincident (§ j8. t>), so tltat what 

is blind in the right retina corresponds to a sensitive portion of tlie 

left, and trict vtrta. But neither is there any perception of it in monocular 

vision as a gap or hole in the visual field : it is apparently altogctltcr 

filled out by the quality of its cnviionment. An object which lies 

«xactly opposite to the bUnd spot in the field of vision is not seen, 

its place bung apparently taken- by a simple continuation of its 

sunoundings. This eSacement is greatly assisted by the indistinctness 

d indirect vision. On ttie other liand, there is no real problem in 

ttie relation of the discrete cones to the continuous field of vision. 

Since the keenness of vision is hsrdly adequate to appreciate äie 

distance between cone and cone (^ $8- 3 ; 59> i^ the discreteness of 

the retina has no existence in space perception. 

7- The perception of a body, of a tridimensional object,— stereo- 
scopic vidon.— involves a new ^ctor, the idea of depth. Our previous 
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dtscussion of its formation {II above) also applies here. Tl 
imporianl factor in sicFcoscnpic vision, c^>c<±üly it the viuukJ 
an somewhat small, is (he dt^Msitioo of the double images, the 
distance of the Tctinal imasc« from one aoothci. Eye movement is 
certainly not of dclcrmining inftLicncc (§ jS. 8); for stcrooMropic vision 
is possible when the object is iUiuninated by the electric s{>ai1[. r/, 
when the duration of slimulat is so short that eye movetnenls an 
entirely precluded. Moreover, the artificial combination of two arol 
imago in the steroMrupc proven that tlte real basis of the idea of 
depth is simply the diflercnt position of the retinal ima{[es in the two 
eyes. On the other hand, the triditnensional interpretation of a 
superßcial rcpresenution, t.g., of a drawing in pcrejxxTtivc, is wholly 
dependent upon empirical criteria. The illusion of tridiincnsionalii^ 
must be ptodoccd by shading, by the distribution of colour and 
brightness, by ihc omisuon of the farther side of the object repccscnted, 
etc. And lastly, it b notcwotihy that the discrimination of porticabt 
objects in space is the result of a development, principally conditioned 
by the constant interconncctioa of their various constituents throilgh 
all other changes of spatial reladon. The congenitally blind are whoUjr 
uruibic to distinguish particular things immediately after the operation. 
They »ce a single, comprehensive whole, made up of different bright* 
Dcsscs and colour tones; and they arc subject to a whole seric« of 
illusions as to the nature of objects presented to them, which are 
referable to their inability to isolate tiie particular tiling firom 
surroundii^ 
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The Perception of Movement. 

8. Alteration of the position of an object is only determinable 
when the object can be brought into a constant relation with 
the perceiving eye. For there can plainly be no abstaute deter* 
minalioa of a continuous spatial alleraiton; it must be dcßncd by 
rcfcTcnce to the spatial diaracter of the moving object as previously 
known, ot to other objects of ascertained position. The most irapoitanl 
of tliese objectn of reference is the observing eye ititelf, because the eye it 
capable of extensive movement, and an appoicnt movement may, 
tlkcrcfor«. be due to its own change of position, as well as to that 
of tlie object. EstimaäoQ of the movement of an object in external spacer 
i.*., neces.iarily presupposes an accurate dclcrminatiou of the movement of 
the eye, or of its position in steady fixation. It is to be noted, boveveri 
^at when the field of vision is completely darkened, objective i 
abjective movements may be confused within quite wide limits. 

Ib the ■uthor'« cxperimcnti upon «CDtially exdtcd tcDxitiaas (g af. i, j) 
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MdijecU wot Qol iDfrcqaaitl]r d<«tiivd as to the poütion uitl mcrnnenl of the 
haak li^t lümulus cmplo^Td. Hoitmcnt of tbe obieclivc itlirniinaliüci was «olirrty 
ododcd by the (Osditioiis of the cipFtiin«iiC, and t)i« ittitade of th« body «u 
ibo ooiutant IliroushouL Ncvectbclcu, the li^ht wu imo above or b«lo«r, to 
Ik d^t or th« lefl, and wax not Kidom accredited with ■ movement in Tcnani 
dkecuons. Smikt illuäoo« have been notkcd by other obierven. 

Wc arc thus forced to conclude that our judgment of the position 
and movement of the eyes is extremely uncdtain. Our cognilion or 
Ifac movement of an external object will only be accurate, iV., when 
we have some further object of reference by the help of which «'s 
may petcdvo the changes which it ondct^goee. This object of rcfcr- 
cnoc is chiefly useful as ensuring a constant orientation as to the 
position of the eyes: we can judge with vety great accuracy whether 
or not an object is situated at the common point of regard (§ 58. 8). 

9. A inuvement is comjiletcly ddined by a statement of its direc* 
tioD, rapidity and extent. These fitctois ha\e not been sharply 
enou^i distinguished in previous experiments upon the perception of 
movcfceats (only partially, <^.. in investigations iiitu the articular 
Bcnsibtlity : cf. § 56, 6-8). Attention ha» been attracted, however, 
to the characteristic dificrcnccs in the nsual perception of movement 
in diflcieat parts of the visual field, i>., over diffeient portions of the 
Fctina. Both the utagiutude and the rapidity of objective movement 
arc far moic adequately cognised in. indirect than in direct vision. 
The limits of the perceptiou of movement have also been aKertained. 
There are an upper and a lon-er limit of mpidity, beyond which its 
percepttoo is impossible. The least rai)i<Iity ol movement which it 
Jost perceptible is that of one to two minutes of arc in the second 
(=3 7 cones per sec. at the centre of the retina). This value is 
pcatly increased if there is no orientation of the moving object by 
points of reference in the visual ßcid. It is also larger in indirect 
väoD( though this increase is not correlated with diminution of 
teeoness of vision. The detennination of the upper limit is merely 
relative, coodsling in the comparison of the just noticeable mo^-e- 
ment with the just noticeable time difference between the appearance 
of two visual impressions at different plitces. ^^1lile this just notice* 
able interval or succession !s 44a (■« = xdW *cc.; cf- § 65. 1), a 
Bovcment bet«-een two points at the same distance from tlic eye is 
ooticeabte when tlie time elapting between beginning and end is no 
more than 14«. The (act tliat a judgment of movement can be made 
before any precise judgment o( the nature of the spatial change is 
posnblc has again led to the assumption of specific movement sensa- 
tions. The assumption overlooks the fact that general predicates are 
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always more easy of Tcproduction than special (cf S 27. 5, 6; § 57. 6). 
Lastly, experiment have been made upon the sensible disciiminatioo 
i<x the npidity of movement. Accuracy of detenaJnation, howevet, 
was only possible for comparatively stow nwvements, where the diAer- 
«nce limen was approximately one minute of arc in the Mcond. At 
high« rapidities ol tnovemeitt, the observations were disuubed by 
movement after-images or metakinetk movements (§ 60. 5). 

$ Go. Optical UlusloDB. 

1. Nothing more need be implied in the exprcsaon 'optical tUusMo' 
than that there b a discrepancy between vision and objective mea- 
surement. This discrepancy may obviously be due to very dtfTereiit 
reasona. Hence the curieat view that optical iUuBion is referabk to 
one definite cause iropll«s a limitation of the term in a definite direc- 
tion. The oidinoty explanation of the phenomena as deceptiofls U 
judgment makes them altogether independent of the anatomicalJ 
atncture or physiological function of the visual apparatus. If w 
are not biassed tn favour of this explanation, wc cannot refuse 
recognise thai optical illusions are produced by a great variety 
causes. At the same time it is noteworthy that visual perception 
particular, the perception to which we owe our most exact and com — 
prchensive knowledge of the cxlcmal world, ts peculiarly suiceplible^ 
to subjective influences. Wc have had instances of this in the tilü 
out of the blind spot (§ 39. 6), In the idea of depth (§ 59. II), ani 
in other factors of tlie normal perception of visu^ space {f-g., % jQ- 5) 
The causes of optical illusion may be divided under three genera 

7 headings. The first embraces all those conditions lA the divergcnct- 
of subjective and objective spatial detenniuation which arc given with — * 

;,. the visual apparatus. The »Qcpod includes those associati\-c suppl 
ments of sense perception which lead to a discrepancy between 
judgment of Ae spatial qualities of the visible object and the 

> contents of the sensation or sense idea. And tbe thhd com: 

wrong interpretations of sense impressions in the strict use of th(^ 
phra-se; i.<^ a judgment of the given pcrcepttOD which tiansceod^ 
the visual contents of reproduction or poiipberal stimulation on the grouniL 
of certain indirect criteria. It is evident that only the second and thirJ 
of these three groups fall within the current definition of optical Uhuion- 
X. Wc may note that tlie existence of an optical itimioa premqK 
poses the comparison of at least two visual space determinatioDs. No 
one would think of applying the term to a just noticeable dista&ce 
between two points of visual space. This is simply due to the fact 
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that we are ordinarily as incapable of an absolute estimation of spatial 
magmludes, as ve are of iiiteiuitici or liine intervals ; and that absolute 
(leterminaiion t* only possible at all thruugh a continued exercise of^ 
ineiQOTjr. We have, therefore, to revise the general de&iiitiuii of oi>tieal j 
iBiuitin give» above, and to say that illtuion aris», not frum the / 
diKTCpancy between vision and objective measurement, hut from an y 
cnor ii» tlic comjiarison of two visual perceptions one of which ix 
taken as Maiulani. Direct vision, e^., gives the standard of viituat 
^»ce pcrcq>tion. Id contradistinction to indirect vision. The choice 
of the standard of reference, however, is obviously wholly convcntioDal, 
and we shall, therefore, pay it no more attention than seems ncccssaiy 
for an exact definition of optical Illusion, Remodelling oui original 
(tatemcnl from this standpoint wc may lay it down that optical illu- 
tioD occurs whenever one and the same objective space character a 
judged in diBercnt ways undct the influence of secondary dicum- 
stances. We need make do altOupt to decide as to the relative correct- 
Mas of the divergent judgments. The phenomena covered by the 
«cpressioo 'optical illusion,' as we employ it, tlius reduce to subjective 
difference* in the spatial estimation of tlie same visual objects. And 
we acconlingly have to distingui&h as many kinds of optical illusion as 
we fbtuul kinds of visual space detenaiaation: i.e., illtisory peiceptioDs 
of extcnsioD and distance, of poätioD and direction, of figure xad of 
ntovctDCQl. We will give a brief summary of the most important 
phenomena tmder these four heads. 

3. (j) IffHsi&nt of Eye Mensaremfnl.—Wa have already discussed 
DOM of the facts which belooj; here (§ 59. 2). Thus a square appears 
to be a rectangle which is hiither than it is broad; and if we are 
required to draw a itquare we mulce che vertical sides shorter than the 
horizontal. As this fact .'«ems to be practically independent of the 
part of lluf retina stimulated, we must have recourse to indirect criteria 
of judgment for its explanation. One the o^' refers it to the rebtive^' 
ease of eye movement in the two directions. " another to subjective 
influences. But it might aho be ascribed to the tar greater accuracy 
of jut^ment (keenness of vision) in ^e horizontal <lirection. This single 
iBttance, therefore, shows how difficult it is to trace the real conditiona 
of an optical illusion, and how wide a field is here still oj>cn for ex- 
perimental inv«tigation. Eye movement may be made to some extent 
responsible for the subjective difference in the estimation of distances, 
tince upward and downward movements imply the activity of more 
than a single pair of musclea (§ 58. 5^ and may accordingly be more 
difficult than the outward and inward movements mediated simply by 
the intcntal and exteinal recti. And there is the further circumstance 



J 



thai the visual ßeld, whether monoadax or binonilar and whclher lor 
the retting or moving eye, has a less extension in the vertical dircctioD 
than in tlie horizontal. No conclusion can at present be drawn as to 
^the rebtive importance of the two bctors.— DifTcrent rcaaooa have aho 
■been aneged for the apparently greater length of duttcd lines as con- 
pared witli ruled lines. Some observers maintain that the 
Vdots serve (so to speak) as stations Cor ibe movement of 
the linet of regard. The eye Is detained by them, Its 
movement retarded, and con«eqtKntly the distance passed 
through appears longer than when the line can be mvcned 
without hindrance. Other» biiag the phenomenon inio 
connection with the analogous estimation of time inlervab: 
an interval which is occupied by a succession of sqaiate 
impressions is taken to be longer than an empty (uniformly 
filled) intcn-al. From this point or view the itlusloo woold 
be explicable as an instance of the general type of indirect 
judgment in which the number of separate constituents In 
the ßHing of a duraiion or extension is made a mcasare of 

Aits length. — A very interesting and Striking optical tllarioo, 
which has lately been the subject of much discussion, is 
reprcMntcd in Fig. 9. 1 The line vrtilch is bounded by the 
acute angles appears mach shorter than the line bourxlcd by 
the obtuse. Some psychologüits explain this by the inhib- 
ition of eye movement in the former figure- Others reCsr 
it to a general rale of optical illusion,— the overcstimatioa 
of acute angles. In all probability, neither of these views 
is correct: for the illitsioa persists both when the movement 
of the eyes in the opposite direction b artificially assisled, 
and when the angles arc replaced by other figures, t-g-, 
by ares of circles. The illuiion is, therefore, most probably 
a special case of a general form of indirect judgment, the 
aritcria of which cannot at present be doddaled with any 
degree of precision. 

4. (^) Jlltttiom (^ Dirtction and /%»/iVn.— lUwaons o( 
directioii which involve the idea of depth are very common. One of 
the most familiar instances is the api>aicnt Rattening c»f the arch of 
the sky at the xenilh, with its consequence that the sax\ and moon 
seem to be laigcr when on the horizon than when seen directly over* 
head. This difference of size may be partly due to the Olusioo of 
L filled and open spaces, since in moving over the sur&ce of the eaflb 
'lowaid» the horijon, the point of regard must rest upon a greller 
nmnber of particular objects, and hence this interriipted diKance wSt 
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longer than ihc empty distance toward the xcnith. And it may 
1m paitly dtK. again, to the density of the almosphere thiough which 
-Cbe object ü seen. This bttct hypothesis is confinoed by the fact 
that Uic illusion passes continuously througii all 3t^[es Irom limiting 
^«lue to limitirig value. The ctiterion of distance Erom our own body 
■would tlieu be the relativ« deamess o( the object« seen (S 59. 5). — 
^VroDg localisation of directtoa has been observed in cases of uitUatcial 
{taraly*is of the eye muaclca. Thus, if it is impossible to turn the 
'«yea towatd the right, but the patient intends to make Ihb movement, 
«he objects in the field of vision seem to have suiTcicd diapbcomrnt 
«ovrards the ri^t. The same eÄeci «an be produced artificialiy if the 
«yes are tuniod as fax a» pOMible toward the lafl and tw«> large pieces 
ol wax or putty pressed ujion 
tte right side of the eye bnlis. 
An attempt to move the eyes 
quickly to the right is, of course, 
<toXy partially successful, and 
"iwe ogaia have the illusion of a 
^narked movement of theobjects 
an the field of viuon toirards 
tiiC right. This observation has 
led to the very curious theory 
that the will to execute movc- 
xneots of the eyes is the sen- 
-saiioD of space itself. Wliat the 
observation really prove* is that 
«nir judgment of the movement 
-which the eye actually makes 
b extrcmdy uncertain, and that the mere idea of it »uRiccs under 
certain circumstances to bring about a very comiiderabte deception 
-with r^ard to change of otijectlve jpacL- relations (S 59. 8). 

5. (f) IllusioMt «f Figurt. — Illusory pcTcq>lion$ of tlie fonn and 
direction of lines are of very frequent oocuirencc. Thus two parallel 
lines appear to diverge or converge when ihcy itre cut at an acute 
angle by cross strokes of opp^isilc directions, as is shown in ZAltncr's 
patten (Pig. 10). The [^enomcnoD is very striking, and has again 
been explained in various ways. It is usually rcfcned to the over- 
estimation of acute angles (cT. 3 abov«), which would make the paial- 
tela diverge tn the direction of llie opening of ttiese iingle:^. The 
number of illusions under this head is exceedingly ^reat, but they coo* 
list for the moat part in repetitions of the simpler illusions of distance 
Hi difcdifttt whfch we have already discussed. 
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(rf) Appartnt ^fo^^*mtHU.—C'Msixx apparent movcmenu are due to a 
confmion or ihe movement of an object with the movement, uf our 
own e^rea, or vUt vtna. Thus in railway travelUi^, wtiere the eye 
are passively moved with the whole body, near objetts, whkfa pa» 
quickly acrosx tlie field of vision, seem to move, while more rcmott 
objccU whose movement across the retina b very slow seem stationai;- 
Thc moon appcius to move when clouds drift across it This nuy 
be panly due to tlie iwrx thut ii change in ihe position of small- 
objects is always more readily cognisable than the movement of Iaig9 
bodies. Many illusions are attributable to imperceptible eye nwve-^ 
mcnts. Thus the bank of a sticiun appears to travel backwards,>rf 
[because the lines of regard are involuntarily carried forward with the-' 
icorrent. Stroboscopic phenomena (the composition of apparent move* 
fnents from a quick succession of their separate phases) arc cansed 
principally by the rise and fall of retinal excitations {% 34.6). Bui 
the recollection of the movement, if it be familiar, 1^., the galloping 
of a horse, contributes very largely to the sensible reality of the 
whole phenomenon. There are an upper and a lower limit to the 
rapidity with which the rcprcaenlaliona o( the separate phases may 
EoQow one another; and the apparent movement vanes with the dif- 
ference between these phases and the duration of each impressioo. 
Appacenl movement may abo arise as the result of a very intensive 
movemACit idea, perhaps in consequence of imperceptible rotations o( 
the eyes. Thus a statue m.-)y seem to be alive, to open its lips, to 
smile, to nod its head. The chief reason of the illusion here is 
the associative supplementing of perception (cl. i above). Lastly, we 
may mention in tliis place the movement after-image« or metakinetic 
apparent movements (g 59-8). They appear after an objective move- 
ment of a certain duration, and consist in an apparently backwaid 
movement of stationary objects subsequently fixated, llicsc phencm- 
cna muy be confined to definite parts of the retina or field of vim; 
■»o that movements of the eyeball cannot be made ro]mnsible for 
^thcm. They are more cotiectly r^anled as simple after-image 
phenomena. J 

r {81. Theory of Visual Space Perception. 

t. A theoiy of visual space perception must be based upon the 

epbtemologicd presupposition that the spatial attribute as such b an 

original datum, and that only its subjective conditions can be made 

the basb of a psycliological theory (g 55). This was the position 

twhich we adopted in our explanation of Uctual space percq>tion 
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B 57-t). But the fact could not there be brought out in ils Tull force, 
Because in nunn^ vision the data of touch are constantly referred 
|no Üie space of sight, and the problem it thereby very greatly 
simplified. No such reference is possible in the case of visual space 
itself. The visual space idea is ihe space idea. Even the space of 
geomeUy and natural science is not of iin entirely dilfetcnt construe* 
tion, but is simply visual space objectively measured and calculated, 
f>-, a visual space conceived of as independent of all subjective 
influences and discrepancies. Science knows no more of a space in 
itself than it does of a space which is a purely subjective form of 
inlnitiOD, and the metaphysical notion of the non-spatial mind is no 
more scieniilicaify valuable than the notion of an arrangement of real 
existences in accordance with the appearance of spatial relations in 
the world of things. We cannot attempt to explain (he inexplicable; 
can only seek to assign the reason for the subjective variations 
the space datum. But the limits of psychalogical theory have 
constantly overlooked ; and time and again the psychologist has 
"set otit on no less a quest than the discovery of the origin of the 
oace idea. Now an empirical space theory in the strict sense of 
term is altogether impracticable. If the originati^ of the space 
iRnn is once given up, tlicre is not a single fact of visual space 
ccption which any theory will be adequate to explain. 
2. From this point of view wc shall be unable to accept Lotze's 
sign theory in its visual form. In Lotze's view, the local signs 
dich dispose the primarily non-spatial sensations in an apparent 
space order are to be found in the movement sensations which arise 
bom rotation of the eye. These movements are originally rcflcjces. 
which serve to bring an impression to the spot of dearest vision, 
le nearer the retinal image approaches the periphery, the more 
lensive is the corresponding reflex movement. All these movements 
iDuse actual sensations, of indescribable quality, and the sensations 
utilised by the mitul for the arrangement of retinal impressions 
visual space. Many objections may be urged against this theory, 
from tlie general charge of an incorrect q>istemo!ogical founda- 
' tioD. (i) It overlooks the fact that the most original space delerraina- 
tion, that of which tlie eye is capable, altogether inde]>enctenlly of move* 
meat, is extension. The lield of vision first seen by the congenit.ilty 
.blind after operation,— seen, i.e^ before the patient has learned to 
put a definite spatial interpretation upon his eye movements,— is 
'extended, though the idea of depth is as yet unformed, and the 
wioos objects which the eye embraces are as yet urueparatcd from 
one another, (ii) It docs not give any local sign at all to the spot 
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of clearest visioo, although the spot i* ceruinly not a simple point, 
and although it is capable of more exact local discrimination than 
any othei pan of the retina. (Ui) It lays sticss upon movemenl sen- ■ 
saiions; and the movement sensations of the eye are of especially 
doubtful significance. \Vc have seen that they are extremely unreli- 
able as indices of the position or movement of the eye itself (§ jp. 8); fl 
and assuredly wc are but very seldom conscious of (hem undci the 
custoniiLry conditions of vision. Besides which, the moveinenix of the 
head and <A the whole body also furnish means for tlie bringii^ of 
an impmxion upon the spot of clearest vision. This being the case, 
the complication of movement sensations would plainly be too great 
ID allow of the maintenance of an unequivocal arrangement of visual 
I qttce solely by the help of eye movements. 

^ Lippe has attempted to meet these difficulties by substituting 
ber local signs for the movement sensations. Xeighbouring retinal 
acnti. he says, are more frequently excited by simibr stimuli, more 
remote elements by dUTerent stimuli. This Eul is the basis of spatnl 
anangemcnt and separation. The hypothesis, howe%'er, is not only 
unproved, but unprovcablc and imi>robabIc to boot We can neither 
coDcnve of an original total irapression in which there should be 
absolutely no separation of the various spatial constituenis; nor under- 
stand how a coimcction should be formed between the qualitative 
difFcience of the visual imprcsdoiu and their spatial disposition, so 
delicate in its adjustment and so reliable in the particular case as the 
beta demand. It is true that the datum is a visual total impression, 
whose separate spatial coaitiiuents are not co^i.ied or defined as p«r> 
ticular objects, i.e., whose various qualities are not grouped together 
as individual things. But this tloeit not prejudice their intrinsic spatial 
dcfinitencu; indeed, it is wholly inconceivable tliat this spatial 
Kpamteness should be simply non-existent Moreover, if the connection 
iwtK'ccn the qualitatively like (different) and the spatially proxiinatc ^k 
(remote) really csistmI, as it is supposed to exist in Lipps' theory. ^ 
there would surely be some indication of it in the developed consdoi»- 
ncss, and especially when unfamiliar objects are presented to perception. 
But we find -^Dtlting of the kind in experience (with the exception of 
A trifiing effect in the sphere of optical illusion) and statistical theory 
lends no colour to the hypothesis. 

4. Heimholt! practically accepts LoUe's view, but rejects the meta- 
physical constituents which are so necessary to its support. He is 
thus led into a wholly incomprehensible empirism, whidi somehow 
makes the muscular sensations arising from eye movement represent 
the space ol visual perception. Hering, on the other hand, holds a 
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itivistic view, in which spatial \-ision is Tcfcrred to th« familiar ichema 
of antagonistic nervous processes, altered to suit the condition of 
tridimcnsiooality (cf. § zi. 4). E\'eiy retinal point has tlitcc simple 
tfjace values; a bicadih value, a height value and a depth value. Its 
Gtimuhtion will, therefore, arouse three 'space feelings', each of which 
may be positive or ncgatis-e in quality. The ccnue of the retina is 
the ZKtQ point of spac« value in all the Ibicc dimensions. A vertical 
line ('median longitudinal section') separates the portions of the retina 
with positive breadth and deptli values from those witli negative; and 
a horiuintal line ('median tratisversal section') divides the parts with 
positive height value« from those with negative. The iheory is both 
UDphflosophicnl and unpsycbologica], and we need not spend tiioe 
ttpoa its discus-iion. Movement sensations, again, play an important 
part in the theory of Wundt fg 57. i). But tliej- are regarded as 
combining with u specific qualitative local signature of the retinal 
elements for the piodui-tion of visual space, which is accordingly 
conceived of as the result of a synthesis or fusion of the two factors. 
Wundt thus obtaioB a system of oomplcjc local signs, and is thereby 
able to do fuller justice to the facts than was done by Lotzc, with 
his simple local signature and its merely quantitative gradation. At 
the same time, when we remember the imperfection of our perception 
of c}'e movements (§ 39. S), it seems imponible to allow them 
the great importance which they are given in these theories. However, 
a final judgment is impossible on the basis of the (acts as at present 
Icnown. 

5, With this reservation the author would confess his inclination 
to regard visual space perception as sensibly and directly conditioned 
by the functions of the rclina. and by them alone. The part played 
hy eye movement in visual perception would then be analogous to 
the part pbyed by movement of the head 01 of the whole body. It 
would not posse» any independent function in space perception, but 
would aerve to extend the field of vision, to secure the appropriate 
direction of regard, to effect a quick change of fixation, and in general 
to induce favourable external conditions. On the other hand, ilie 
unequivocal correlation of deßnite objecu in space with defmite retinal 
dements is fully guaranteed by the organi*ation of the eye, as we 
found a similar correspondence to be by the organisation of the skin 
tS 57- S)- The eaaential importance of the separate retinal elements 
for spatial vision is clearly evidenced by the facts of m«tam&rplioptia,— 
a dblortion of spatial figure due to a pathological migration or separ- 
ation of particular fragments of the retina, the phenomena of which 
,ic wholly similar to those observed after the transplantation of 
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firagments of skin. We hare no choice, theTer<»e, but to attribute a 
certain local signature to the various letinat elements, —certain pecu- 
liarities, in i-iituc of which the/ attach to themselves definite spatial 
judgments. Here again, the most obvious course is to look upon 
these local signs, not as conscious attributes of the particular visual 
impressions, but as physiological characteristics. Nothing moic positive, 
however, can be said about them. 

6. It cannot be denied thai this hypothesis b sufEcicntly difficult 
of detailed application to the facts. One clear punt in its favour iH 
the dejiendcncy of spatial perception upon the place of retinal stimulation. 
We know that the cones, which in all probability are the sensitive 
units of the retina, occur in the greatest numbers at the fovea centraüs. 
the spot of clearest vision, and ate more and more sparsely distributed 
as the periphery is approached. Here we seem to have an explanatioa 
of llie itidistinctiies« uf indirect vision, — the diminution of keenness cf 
vision, the uncertainty of eye measurement, etc. And here we may 
reter the special facility of the peripheral retina in the cognition of 
dmge or movement. For if the intervals between the sensitive 
dements are comparatively large, changes in sensation (whether pro- 
duced by movement of an object or by alteration of its luminosity) 
will presumably be remartied more clearly, owing to diminution of 
irradiation. Probably, loo, the fall (§ 24. 6) of excitation in the 
kileial portions of the retina takes place (ar more quickly than in the 
central parts, and the peripheral after-images are less intensts-e than 
tlie central. At the same time, there arc a wliole number of (acts 
of vitual space perception which are very largely due to the operstion 
of other than purely sensible conditions: the idea of depth, the-_ 
continuity of the field of vision, a variety of optical illusions, elc.fl 
If a distinction may be drawn at all between sensation and perception 
(and we have made no attempt to distinguish them hitherto), it may 
be drawn within the sense of sight. Nowhere is the contrast 
insignificant qualities and their sig:nilicant arrangement impressed Uf 
us so forcibly as in the domain of vi^on. Nevertheless, it would' 
seem that the difTcrcncc is always psychologically referable to the 
familiar phenomena of sensations as elementary conscious processes, 
and of the connections Into which they are brought by their liability 
of reproduction, by fusion and colligation. J 

7. We have already remarked that the part played by eye move-B 
mcnt in the formation of the space idea is still 3 matter of dispute. 
There are certain phenomena (the influence of the movements of 
convergence upon the estimation of distance in depth, the illusioas 
arising from the intention to execute an impossible movement, etc.U 
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Lvhtch seem to give it a diicct significance foi itpatial vision. Against 
this b the feet that eye movcmenls themselves are incorrectly ami 
ofiiCettainly judged. A complete tlieory of visual space perception 
«annot be formulated until the question has received a final answer 

a 58- 5. 8). 

It has sometimes been objected that if visual sensations really 
possessed an original spadaJ attribute, the insensitive areas between 
the sensitive retinal dements, and tlic blind spot in particular, would 
betray themselve« in the character of the field of vision. The objetv 
tion may be met in various ways, (i) The influence of associative 
supplementing (| 601) b very great throughout the whole domain of 
visual perception. The filling out of the visual field may, therefore, 
very well be regarded as due to experience, (ii) Again, under par- 
ticularly fevourablc conditions, wc arc able spatiallj' to discriminate 
two luminous points whose images fall upon two contiguous cooes in 
the retina. And (iü) it is not easy to sec how movement scDsatioiis 
could be the instruments in the filling out of the field, since its con- 
tinuity for perception is certainly not a continuity of movement. — 
There remains the view that the space of visual perception is the 
product of a fusion of retinal impressions and movement sensations, 
in which tiic separate constituents have combined to produce a new 
result, of an essentially different nature from their own. This hypo- 
äiesis seems untenable, for the reason that the space of visual per- 
ception is given intiospectivcly as a direct function of the retinal 
iapressions, while movement sensations arc entirely dÜTcrcnt in char- 
acter from anything that we know as a space idea.— Wc must, there- 
fore, conclude with Stumpf and James, that the icünal imprcssioni 
are from the first endowed with a spatial predicate. 



I 6fl. The Localisation of Non-spatial Sensations. 
Perception of the Position and Movement 
of the Body. 



The 



I 



I. Localisation in the strict meaning of the word is only possible 
far wnsations originally possessed of a spatial attribute, i-t., sensations 
of touch and sight. At the same time, we speak of the localisation 
of Impressions, t^., of smell and hearing. In these instances the 
tern is evidently employed with a ttansfened meaning, to indicate 
the relation of the particular sensations to visual or tactual objects. 
Tliis relation is not a relation of spatial contiguity, but an association, 
in virtue of whicli more or less definite ideas of »ght or (ouch are aroused 
or reproduced by definite auditory or ollactory sensations, or at least a 
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ixnain judgment of spatial connection becomes possibtc — An attempl 
has recently becii made to accredit tones with spatial atuibutes 
Deep tones are aid to be more voluminous than high tones, and the 
sound sensations of the riglit ear somehow spatially different &om 
the sounds produced by »limul^üon of the left. But the (bnner 
statement translates a metaphorical characterisation into an objective 
atliibutc; and the »bicrvation tliat we can discriminate 1)ct«*ccn 
excitation of the right and left ears by stimuli which are identical in 
all respects but localisation, merely proves that we can discriminate 
tlieir position by some indirect means,— perhaps by aid of the cuta-, 
enou& sensations aroused at the same time. 

The problem which the localisation of these non-spatial impressji 
presents for solution is, therefure, simply that of the discovety of the 
relations obtaining between them and the space ideas (judgments) and 
movements which they excite, and, more especially, tltat of the 
detemiinatinn of the particular attribute which serves as the inccntis« 
to the reproduction (g 30) of their space relerences. The audito! 
sensations have received by far the most exhaustive treatment, theoret- 
ical and cxpcrimenUl, of all the localisabie non-apatia] sensations. 
We shall, therefore, restrict ouiaelvea in the main to the discussion 
of their localisation. 

2. There can be no doubt that the idea of massivcness and vc^lume 
vhidi is often aroused by deep tones is referable 10 the (acU that 
they are ordinarily more inten.iive than high tones, and that their 
sound waves occasion a more intensive concomitant excitiilion in other 
sensitive and resonant parts. Thus a deep organ clang, struck with 
sufficient intensity, seems, as we say, to fill the whole church. The 
same facts serve to explain the less accurate localisation of de^ tones. 
Tn this particular case, the auditory sensations excite ideas of cxtensl 
or figure; but, as a rule, they also mediate ideas of theii distani 
from oiu- own body and of the direction Irom which they come- 
Here again, the spatial predicates do not belong to the sensations 
themselves, but to their exciting stimuli, tlie souicca of sound. Experience 
is the dotcTmiuiug factor in llietr lucalisatioD (= the combination of 
distance and direclton; g 55. 4). The fundamental factor in the 
cognition of direction is the distinction of ri^t and lefl. We do not 
yet know what tlie criteria of this dlstinctiim are; but we may ooa> 
jecture that cuUneou» sensations, concomitantly excited by the different 
sound waves, inform us whether Uie right or the left ear has been 
stimulated. Where both cars are concerned, the judgment of diiecttoo 
is cetlainiy further dependent to a s^cry large e.vlcnt upon the relative 
intemity of the two sthnulations. If we can distinguish whether 8 
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sound » heard by ihc right 01 the left eai (and cipcrimcnB have 
»huwn that wc can do so with a fairly high dcgice of accuracy) wc 
moxt also be able to say within cerlain limits whether a souad to the 
right is more imcn^ive than a sound to tlie left, and vm vtna. 
Fiom this point of view it is powiblc to construct a 6eld of audition, 
the discriminable directions in which are represented by the diac^rimi- 
oabiti^ of the intensities to right and left. There must, however, 
always be two directions within the total ßeld, in wiiich these relative 
inlen:>ities are equal, — the direcliona straight before and behind 11& 
These two directions will, therefore» be especially liable to confusion, 
except in the cases where tb« diSerencc in the absolute inteiuity 
of the two sound waves (other things equal, the position of the pinnae 
is favourable to a sound coming from the front, and unfavourable to 
one coming from behind) is sufficient for their discrimination. Expe- 
rience seems to show that a confusion is not uncommon. And 
esqwrimcnta in which the pinnae were tied back against the head, 
and artificial pinnae, turned in the opposite direction, placed forwards 
from the external auditor^' meatus, gave the result tlial sound impressions 
coming from behind were localised in ftont of the face. Moreover, 
the iinpurlanoe of the relative intensity of binaund impressions is 
attested by the increased number of enoneous judgments of direction 
in unildlcial hearing. 

3. Tiie influence of relative intonsity la further evidenced by a 
muober of observations upon the localisation of tones, with and without 
beats, when ttie two ean are simultaneously exdted by timing forbs 
equal or of »omewhat dilfeient pitch held close before them, or 
ilty vibrating rods applied to the bones of the head, etc. A single 
Itooe is heard, and loailiseil in the head, approximately in the median 
line if the tones to right and left are of subjectively equal intensity, 
Ukd more towards the right or Iclt if the right or left tone preponderates 
the total imprestioD, Another fact which belongs here is that we 
are able separately to localise two simultaneous miund stimuli of different 
quality with great accuracy. The sensible discrimination for direction 
»"as found by MUnstcrbcrg to be surprisingly well developed. The 
difference hmcn in his experiments varied on the average between 1 
and 10 cm. for a source of sound t m. distant. It has been further 
demonstrated that noises ate bettet localised than tones. 
^_ We cannot estimate the distance of « source of sound with any 
^H degree of confidence unless the intensity and quality of the sound itself 
^^ arc familiar. Other things equal, intensity of »ound is taken as an 
L indication of the proximity of the object which produces it, Thxis the 
^H rumbling of a wagon, the clang of a familiar composition and the 
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tread of an approacliing step arc nil employed as criteria of dutlance. 
No q'stcniatic mvciUgation has been made into the accuracy of the 
infcience in these and similar instances; but we may conjecture that 
die sensible discriniination Tor distance is the same with the sensible 
disoriminatioii Cor tounil inlcnsity. We ordinarily regard the jud^ent 
of distance in gencia] as extremely tmcectain, and as based upoo purely 
fortuitous ideas in all cases where the normal intea^ty of the sound 
heard is unknown. Certain rcccni observations, however, show thjit 
it possesses a quite unexpected ac<-utacy. In any e%-ent, the capacity 
of localisation is probably extremely different in different individuals. 

4. The foregoing sialuments haive laid down the lines upon which 
a theory of auditory localisation must be elaborated. The incentives 
to the reproduction of the spatial predicates of citension, direction 
and distatice, whether by way of judsmcnt or visual idea or move-| 
ment, will be (o) certain peculiar attributes of deep tones as con- 
trad 1.1 tinguislied &om high; ()J) concomitant tactual excitations of tlie 
two cars; (y) the relative intensity of the unilateral auditory sensations; 
{t) a definite recollection of the character of the tones or noises heard ; ^h 
and (t) the colour oE the clang or noise (§ 14.4). This list of ineen--^! 
live» to reproduction brings the problem of a theory of auditory 
localisation under the more general question of the conditions of the 
reproduction of ideas (cf. especially g 30), 

Wc must, however, note before we leave the subject that a quite 
difTcicnt theory of auditory localisation h^ been proposed by Prcyer 
and MUnslerberg. Id the opinion of these authors we determine th«] 
direction of a sound by the li<;lp of the semidrcular canals. Prcj-cr 
regards the mediation of a ' feeling of the direction ' of a sound as the 
specific energy of the nerve endings in the ampullae (§ 23. 5). The 
discriminuble directions of sound correspond to differences in the 
intensive excitation of the individual canals. Münstetbeig has modified 
this hypothesis: he does not posit 'feelings of direction ' as the direct 
correlates of stimulation of the canals, but thinks that their stimula- 
tion releases reflex movements (or impulses to movement) of the head, 
which servo to turn it in the direction in which the source of sound j 
is brought immediately before the eyes. The muscular sensations ihutJ 
excited afford the means of localUation. But (a) this assumptioa | 
seems to be altogether superfluous for the explanation of the facts, 
while {i) there is a positive objection to be utged against it, — that 
the assumed unequivocal relation between dircctioiu of sound and the 
relative intensity of particular stimulations of the canals is altogether 
inconceivable. As the sound waves arc always propagated to the 
labyrinth in the same way, it is difficult to see how they can excite ' 
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this or that ampulla, according to th« direction from which they coiae. 
{*) Moreover, the theory cannot explain the different localisation ol 
simuhancoua auditory stimuli. 

5. Kot much can be said of the localisation of other sense im- 
pcessiona. Gustatory stimulation, t.g., always occurs together with a 
stimulatiDn of the cutaneous sensibility, so that we know nothing of 
the spatial character of gustatoiy sensations as such. It is noteworthy, 
however, that the space relations of the different gustatory stimuli 
are very differently interpreted in sensation. A bitter taste spreads 
with great rapidity over the whole of the buccal cavity; a weak 
Stimulatkm of this quality at a defLnite point of the tongue radiates 
at once over the entire sensitive area. Stimulation by the otlier taste 

qnaJilies seems, on the contrary, to retain its local distinctness for a 
•comparatively long time. — No accurate observations have been made 
«f the localisation of olfactory sensations. If we may judge by the 
«ronditions which govern olfaction, the cognition of the direction from 
xvhich the olfactory stimulus comes will require the aid of movements 
<}f the head or body, and the only criterion of localisation will be 
^c intensily of the sensation itself.— The organic sensations are 
ordinarily localised at the place of their peripheral excitation. Thus 
the muscular, articular, and tendinous sensations are refened to the 
different parts of the body at whicli their sense organs are situated ; 
Imager b placed in the stomach, thirst in the pharj-nx, etc. Physiology 
brings all tliese phenomena under the law o( ixttntrit projcttion, 
which states that all cutaneous and organic sensatiuns are localised 
at their peripheral source of origin. But it ia evident that this is no 
exception to a general rule obtaining in other sense departments. 
Localisation of any contents consists in its associative connection with 
the visual image of the place of stimulation. Thus, auditory impres- 
sions are referred to points in objective space; cutaneous impressions 
to the visible cutaneous areas, subject to touch or pressure; organic 
lientalions to tlie parts of the body (less deünitely conceived of, 
rbecause invisible) in which the excitatory process is set up, etc. 
Reproduced sensations are localised in the same way; and it i», 
therefore, not surprising that pain is sometime^! sensed in an amputated 
limb. All tlicsc lociilisations take shape in the course o( eiperience, 
I unless the localised sensations possess an original spatial attribute- 

6. We may conclude this Section with a few brief remarks upon 
the perception of the position and movement of our own body, Wc 

rhave already mentioned (% 23) that the semicircular canals and ves- 
tibule of (he labyrinth constitute an organ for the maintenance and 
rcgolatioa of the bodily equilibrium. But we were compelled to 
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leave It unceHain whether this reflex activity has a direct sensoiy" 
ciirrelate, and were unable (o dcdde, In particular, whether giddlDCH 
nay b« looked upon as a common sensatloD ot^naied In the 
UBtemat car. In the author's observation, the position of the body is 
■infeTTed, when the eyes are dosed, simply fr<^m cutaneous and arti- 
cular Mruuitions. Stimuluiion ai the canab may possibly serve to 
detenotDe the judgment uf pu&ition indirectly, nä implyir^ the 
Stöniilation of piirtii:ul2r muscles to more inlen-iive funciton. The 
important pan played by the head in orienl;ition is natural, when 
wc remember th.it it carries Keveral sense organs, and more especially 
the eyes. The judgment of the position of the body is based upon 
La number of idea.s of the position of its ^-atious parts. It is somewhat 
' different with the pcrccjition of a pa^ve movement of the wliole 
body. Here the position of its various parts is constant, and we 
kiannot, therefore, infer that wc arc moving, from the relative positions 
Fof the limbs. Now it is an established fact of frequent observation 
that movement is imperceptible as long as its velodty is unifonn, or 
even if it is subject to uniform acceleration. On the other hand, 
the bt^inning or cessation of a movement, or a positive or negative 
kaoceleration of a given velocity, is remarked at once. It seems 
Iteusonsble to explain these phenomena by the hypothesis Uiat in every 
nase there Is either a change in the ])0£itioQ of the limbs, caused by 
the inertia of the mass of the body, or (if that is not possible) a 
change in the pressure sensations produced by contact willi surround- 
ing objects. Thus, if the carriage in which we are riding b suddenly 
stopped, the upper part of the body falls forward; and if we are 
sitting with our back against the cushions, we receive an intensive 
presRiTC from behind when it starts again. Most of our ideas of th« 
movement of the whole body will certainly be referable to similar 
changes of seiisatiDn in its different parts. Movement after-images 
like those which occur in visual sensation (g 6o. 5), ale very dtsdnct 
in these cases, and again take the form of apparent movements in the 
oppo^ic direction, appearing on the cessation of an objective movement 
which has been continued during a considerable time. Judging from 
all these facts, we (ind no reason to believe that tlie o^an whidi sub- 
serves the maintenance of the bodily equilibrium mediates spatially 
Linie^pntable sensations. We do not as a matter of fact localise any 
FaucIi aecsations within the labyrinth of the ear; and, in particolat, 
there an no noticeable differences of sensatjoc correlated vith 
diflerenl ptisiliona ot movcmenu of the head. At the same time 
u-e ftcety admit that no final decision of the point is at p reaant 
I passible. 
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CHAinrsit U, The Temporal A-nRiBirrES and Relation's op 
TBE Elements op Coxsciousnbss. 

§ 63. Prefatory Remarks. 

1, With the modern advance of cpistcmology has come the oon- 
viction iliat lime, Uke space, is an original datum of our cx|>crience. 
^c have given thi» fact its place in p^chology by prcdioittng an 
elementary temporal chaiactcr of sensations and feelings, and recognising 
dttralion as a universal attribute of both, co-ordinate with quality and 
Intensi^. To duration must now be added certain other dehnJtiona 
of the temporal relations of sensations or feelings. All these contents 
peaseas a umf-orai position, an earlier or later place in the succession 
d conscious processes, and recur at a certain fregtuHcy, t>., bear, as 
paiticulac durations of a series, a detctminaie relation to its total duialimi. 
Tb these m^hl be added a predicate whidi stands to duration as spatial 
dbUnce to spatial extension,— die interval, or temporal distance inter- 
vening betw'Cien one procens and others. As a matter of fact, however, 
this term is really idunliail with <lur.ttioii; it does not signify a tem- 
ponl determination as such, an 'empty' time, but always the duration 
oi something. The only dilTctcnce is that when we use the wwrtJ 
'duration' in its strict sense we can refer to x definite process as the 
tubstralc of the temporal attribute, whereas the word 'interval' Ica^-cs 
it entirely indchnitc what durations fall within the time limits. But 
th« interval has been given the preference over duration in the psy- 
chology of time with 35 perplexing rcsulu as follow from the prcfctenoc 
ef distance over extension in die psychology of space (S 55. 5). 

2. To determine the quality, intensity and spatial characteristics of 
seotaiions we have to rely on the subjective methods of sensitinty and 
sensible disdimtnation. Duration, on the otlier hand, may be measured 
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by objective procedures, (i) The fiist of these, which is bas«d upon 

the fact that duiatioD always stands in a certain relation lo frequency, 

and vict vtna, we may call the tiulhcd of /n^utnty. If n sensations 

are gi^-en in succession, and 7" is the duration of the whole series, the 

duiation of each separate sensation, /, may be calculated from the 

T 
equation / = — - The use of this method presupposes (o) the sunilan^ 

of the individual successive sensations, and (p) a sufficientiy large 
number of terms to reduce the objectively incalculable time fot the 
me of the brst sensation and the Call of the last to a negli^ble quan> 
lity. It might be urged against the method that it siroply gives a 
certain minimal duration of sensation, since the tcropi^ral course of 
each impression in a series which stands upon the boxdcr-linc between 
temporal separateness and qualitative fusion must always be repres>cnted 
in a more or less ctutailed form in the results. But this draunstance 
hardly comes into account for the comparison of sensations from differ- 
ent sense depattments, or of diSerent qualities and intcnüties wilhio 
the same sense department; and here the method of h-cqucncy has 
proved to be a valuable instrument of psychological analysis. (2) Another 
objective procedure for the deteimination of the duration of conscious 
processes is the method of leaetien. The time elapsing between a sense 
im[)ression and the execution of a definite movement, previously agreed 
upon, in direct response lo it (reaction) is termed the 'simple reaction 
time'. The duration of the whole process can be accurately measured 
by the aid of appropriate instruments. If a further mental act (cog* 
nition, choice, association) is interpellated between impression and 
movement, tliis duration is increased. Provided tliat no extraneous 
catisc interfere to protract the experiment, the duration of the particular 
act may then be obtained by subtraction of the shorter time of the 
simple reaction from the longer time of the 'compound'. —It is plain 
that the validity of this method depends upon the correctness of the 
implied assumption that all the part -processes of the simple reaction 
recur in the compound with their original temporal attributes unchanged. 
In the author's opinion, this assumption is not justified. The reasons 
for his opinion will be given in detail later (§ 70). 

3. Many investigations have been undertaken Into our estimation 
of intervals, (i) Attempts have been made to measure the least 
noticeable interval between two successive stimuli, i.e., to determine 
the temporal sensitivity. But the results may equally welt be explained 
as the values of a just noticeable suci:esiion of impressions. Indeed, 
since the object of tlie expt;rimenls is the simple discrimination of 
two impresdcins, and mistakes aic often made as to their temporal 
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podtioo, wo may ccnjecture that in many cases the recorded judgment 
is not even a judgment of succession, but only of the separateness 
(twooesa) of sensations. In other words, wo have a recunence of 
precisely simOar difficulties to those which wc found attaching to the 
delenainatioD of the space limeo in the sphere of tactual perception 
(cf. § 56. 1). (Ü) Numerous experiments have been made upon the 
sensible discrimination of intervals. But here again, the determining 
Ckctoc ID the judgment of small intervals is in all probability the per- 
cepttOQ of succession, and not the perception of duiatioo. Unfortu- 
tutely, DO comparison of the duration of sensations has as yet been 
Instituted, denpite its eminent desirability. The perception of temporai 
position has been investigated by experiments upon the apparent 
lemporal displacement of disparate sense impressions. These experiments 
seek to trace the conditions under which simultaneity is apprehended 
as succession, and vice vtna. Little has been done so far toward the 
explication of thccircumstanccstuidct which the perception of frequency 
is possible. Here belong in particular certain observations of the 'range' 
of consciousness. Their purpose is to ascertain the greatest number 
of successive sound impressions which can be directly compared witJi 
other similar groups of sensations. 

4. These remarks may suffice to indicate the range and character 
of the contributions made hitherto by the experimental method to 
the piychology of time, t.«., to the definition of temporal attributes 
and relations. We proceed now to analyse the various forms of the 
temporal judgment in greater detail : the analysis will assist us in our 
criticism of these researches, and will bring into relief the problems which 
the subject presents. The duration of a process can only be defined 
by its maguiiudt, whether wc are dealing with the least noticeable 
time or the comparison of longer times, The same is true of the 
perception of inlcrvaJ. in all cases where its direct determination is 
attempted. Temporal position, on the other band, can not only be 
brought under the general categories of simaltancily or surcasien, but 
may bo specially investigated under 'the heads ol Jirtciicrt and rapidity. 
Tbc judgment of direction of a succession takes the form of ' before ' 
and 'aßer', 'earlier' and 'later'. Its rapidity is measured by the 
magnitude of tlie intetv:il elapsing between the succesive impressions 
snd the duration of the impressions themselves, fn the case of fre- 
({nency, the must comj>licated temporal judgment, we have to determine 
iIk Humttr of successive processes and the period in which similar 
sections ol the total time recur, besides this total duration itjelf, the 
direction and rapidity of the succession, the magnitude of the intcr^-al 
between impression and impression, and the duratbn of the separate 
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tmprcnions. It Tollnws at odcc from thb survey of the vatioos tempoial 
judgments that duration is the simplest temporal prediatt«. It may 
appear as the attribute of a sii^lc conscious prnoess, while the jtulgmcnt 
of temporal position ot frequency presupposes tlic exi.rtcnce of two or 
more conscious processes. We do not mean, of cmiise, thai the 
judgment of duration must, therefore, necessarily be the most oriE^ul 
in the psychology of time, «'.*, that it is chronologically prior to all 
the others and ts the foundation of any one of them in the particular 
case, Wc believe, on the contrary, that ail the different kinds of 

^temporal judgment which wc have mentioned, — duration or intcnral, 
jirection and rapidity of succes^on, number and period, — are capable 
of an equally direct or immediate application. 

5. The most favourable conditions for the inve»ttgation of the vari- 
ous temporal judgments will ob\'i<iiisly be those whidi best admit ot 
their Isolated formuhition. Eipecial care is needed in the selection of 
such conditions, since the tcmporjl Judgments, as applicable to all 
contents alike, stand in the most diverse relations to the co-ordinate 
conscious iittributcs and to one another, and we are consequently only 
too liable to judge of temporal characters mediately or indirectly, by 
the help of certain empirical criteria. A particular reason for this 
liability is the fact that in everyday life we are ordinarily called upon 
to estimate or compare considerable lengths of time, which mu^t, of 
se, be judged by reference to secondary criteria. The experiments 

^published hitherto have unfortunately paid but little regard to the 
different possibilities of judgment; there has been a regrettably strong 
endency to consider obje<^ve time relations as the natural objects of 
abjective apprehension. One of the consequences of this attitude 
may be mentioned, for the sake of illustration. Until quite recently 
it had passed altogether unnoticed that the basis of comparison in a 
quick succf^ssion of three sound stimuli is not tlie duraticwi of the 
lall intervals which they mark off, but the rapidity of succenion of 
I an<l 1 and of 3 and 3 (g 65. 3 /f^. We now know that the obser- 
vations m»de with these small litues cannot be compared with those 
of longer times, in which the duration of the interval as such affords 
the material of csdmatioQ. This and similar confusions render the 
task of exposition exceedingly difficult. In certain cases it is quite 
imposuble to discover what the object of judgment actually was. 



§ 64. The Duration of Sensations. 
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The method of frequency has been employed for the determina- 
of the duiatioD of ratüneous, auditory and visual scnsationfi. 
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(a) Tht duration oftulanMui simationi. — Varioiu fomu of the method 1 
have been used in this connection. Intcfmittcnt stimulation has been 
(jven by means of a tooihcd wheel held during rotation a^mt a 
fixed point of the skin, by the application of a tongue attached to a 
vibrating tuning fork, etc. At a high rapidity of succession, these 
(timuli fuse 10 a unitary aenaatlon. The question is, at what limit of 
rapidity the separate impteiuioni can be still just cognised as sucoes- 
siire. Some obscn'ers place this limit al 20 to 30 (-ontacl5, others at 
jOO to 1000 in the 1 sec. The wide divergence of result is partly 
due to the different intcn&ity of the stimuli employed,— a factor ol 
vviy considerable infiucncc. But another and yet more important 
reason is the utter discrepancy between the objects of the dilTcrent 
invesiigatioiu, the high numbers marking the limit bctn-cen roughness 
and sfnoothBCSSi the lower that between' a perceptible and imper- 
ceptible socoecnon of the separate imprcs&ioos, The latter {20 to 30 
«tintnlations in the t sec.) may perhaps be made the basis of a 
determination of duration. We should then have a duration of ^ 
to ^ sec. for pressure sensations of moderate intensity. The value 
acems to be much higher in tlie case of temperature. It has been 
Eouad that temjieiature impressions arc temporally just discriminable 
if Ihey occui at the rale of about 2 in the 1 sec. 

2. (A) The dttraticN of audilory sfmaliont.—h very simple muMcal 
eipericnce seizes to show that deep tone» hav« a longer duration 
ihas bj^ tones. In a uill upon two notes in the lower region of 
tbe scale it is quite difficult to distinguish tlie succession of tones ; in 
Ae higher region they are very distinct. The trill is geoeraDy said 
to comprise sane 10 to 12 impressions in the 1 sec; but there 
<an be do doubt that the number may rise to 20 in the case of a 
practised executant. Accurate experimental invcä.tigation shows that 
tite duration of tonal sensations steadily decreases witli rise of pitch. 
The C of 64 vibrations lasts ^ sec.; the r of 128 vibrattons ^ sec.; 
and the f* of 1024, ^is *<^- "This rcstüt is confirmed by obser» 
Taiioni on the rate of sacccssioQ at which beats arc still discriminable. 
In the lower portion of the scale they arc imperceptible as serr- 
ate tmpresaona at t6 to 20 in Ihe i sec, while in tbe higher region 
ibc limit is variously given brom 60 to a considerably larger number. 
Here again, however, the discrepancy is probably due to the absence 
'if any sharp line ol dlttinetian between just noticeable succession 
.uul just noticeable barslineti or uitcrmittence. As regards simple 
noises, we have the slalement that two electric sparks Jire just distin- 
gnisfaable at an interval of (^ sec. It is tmpotsibte to draw any reliable 
3iferatce irom this fact 10 the dtiration of the setuations themselves. 
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J. (c) 77it Juratien of I'intat sensatioru. — The numerous reseai^es 
which deal will) this lubjäcl differ su widely in object, method, and 
tediaique, thai they do oot admit of any strict intercom parison. In 
most cases, inTCStigaiion has been carried out by the aid of rotating 
diso, composed of white or coloured sectors. But very little lamt- 
liarity with the experiments is siifEcient to show that the just notice- 
able succession is largely dependent upon the br^htness of the sti- 
muli employed for its determination and upon the difference between 
tbeii brightness and that of the visual inleivals which separate them. 
Tbm a disc of black and white sectois must be rotated more rapKlly 
by daylight than by lamplight, for the production of a subjective 
mixture of the two brigtitnesses. On the other hand, it bas been 
found that while the brighter sensations have a longer absolute dina- 
liMi than the darker, they arc subject to a more rapid decrease in 
brightness. Again, the duralion of a sensation in indirect viawn is 
longer for the »lame stimulus than its duration in direct vision; a fact 
which accords very well with the greater intensity which must be 
attributed within certain limits to peripheral retinal stimulations (cf. 
% i8. 6). Nothing positive can be said at present of the influence of 
brightness and saturation upon the duration of sensation* of colour 
tone. The question of duration is fiiither complicated in the spbcze 
of vision by the vividness of the after sensations, whose duratiOD is 
dependent upon the intensity, duration and extension of the Stimulus, 
and upon the character of its stinoundings (§ 20. 2). The afler-im- 
age produced by an intensive excitatioa may last for several minutes. — 
It is clear, then, that no very certain statement can be made as to 
the duration of visual sensations. Putting the diffecent restilts together, 
we may, perhaps, estimate it at ^ sec without negative after-image. 
We have ahcady brieHy referred to the numerous inventigatioitt into 
the rapidity of the rise and fall of visual sensations (g 19. 5), 

4. A theory of all these processes is evidently given with the 
assumption of a difference of physiological conditions for the difieicnt 
sensations. The transmission of stimulus will certainty be far more 
quickly mediated when the skin is subjected to a mechanical prensuic, 
than when it is exposed to the influence of heat or cold ; and we 
may reasonably suppose that the elastic tissue will show but little 
after effect of the imjjuci, whereas thermal changes can disappear but 
slowly in such a bad conductor as the epidermis. The comparatively 
long duration of the visual sensation will not surprise us, wfaen we 
remember that the process of stimulation is in all probability chemical 
in character (§ 2i. i); both decomposition and reparation of the sen- 
sitive substance will require a relatively long period of time. The 
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Estimation of intervals. 

tiansmiMion of stimulus in auditory sensation, on the other hand, is 
igain purely mechanii-a!, nnd therefore, we may imagine, quickly 
begun und <]uickly ended. We conrluile, then, that all these differ- 
ences in the duration of sensations are the results o( purely peripheral 
causes, brought about by the special conditions of stimulation in the 
various sense departments.— The rapidity of memorial images appears 
to be precisely similar to that of the peripherally excited sensations. 
,Ib the voluDtaij- reproduction of successive ideas, however, the rate 
advance is more slow. This is probably due to the necessary 
Posdllation of the alienlion betit-een term and term. The rapidity oi 
sion of the separate independent ideas in a train of thought 
^ which there is no reproduction of a totahty of successive impres- 
äons as such) is similarly much more slow, and, therefore, the dura- 
(loD of each idea much greater, than, in the scries of simple sensations. 
Experiments give about ( sec. as the time required for the transition 
from one Idea to the nexL 
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g 65. The Estimation of Intervals. 
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^H I. iDvesttgattoos into the estimation of intervals fall into two 
^Bserica. the first dealing with least noticeable times, and the second 
^Vinlb tlte sensible discrimination for intervals. We will discuss the 
brmer under the heading of 'temporal sensitivity,' and the latter 
imdcr that of 'temporal sensible discrimination*: the rubrics are con- 
veniently brief, although the use of terms is not strictly »(-curate 
Ö 63. 3). (a) The temporal ttnsithily. — The fact of most importance 
here is the dependency of the times found for the just noticc:ib!c 
interval upon tlie nutuie of the limiting impressions. Exncr discovered 
A the ju.<it noticeable interval between two successive visual im- 
iions (electric sparks] given at the spot of clearest vision amounted 
44ff. Experiments ' made under slightly tiifferent conditions in 
ircct vision put tlie just noticeable interval at 440, If the stimuli 
«guited different parts of the retina, central and peripheral, they were 
temporally just discriminable with a. separation of 760. If the light 
sensation was produced by electrical stimulation of the optic nerve, 
I the interval fell to 16a. The evidence furnished by these numbers 
^Kof the dependency of the just noticeable interval or just noticeable 
^'«accession upon peripheral stimulation is plainly parallel to that 
afforded by the values quoted in the previous Section of the same 
dependency in the case of duration (S ^4- 4)- "^^ lengthemng of 
the interval with stimulation of different parts of the retina, however, 
seems to indicate that central conditions of apprehension are also 
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concemed in the nsulb. —Similar ration» are found to obtain m 
otbet )eD»e departments. Thus Exner discovered tlial the least no- 
ticeable interval elipting between auditory inpressbns was 2m for a 
single eai. but rose to 64« i/ the two stimuli were separately conducted 
to the two cars. 

3. If the tntervals arc limited by disparate sense imprceäoiiSr 
lhc3C two principles, — the duration of pCTipherai stimulation and the 
apprchenEioD of the two sensations, —cross each other in various 
ways. Thus when a visual (electric spark) and an auditory stimulus 
(stroke of a bell) were given simultaneously, the auditory impression 
was sensed before the visual, in consequence of the more rapid 
Ibensmission of the stimulus process in the labyrinth. When the 
fcmc stimuli were given successively, the just noticeable interval was 
l6oa in the order visual -auditory, but only 609 ia the older 
auditory- visual. The diScrence was less if an electrical cutaneoos 
stimulus was substituted for the bell stroke. All these observations 
aie in complete accord with the cipcriments on the determination 
of duration by the method, of frequency, as regards the relations of h 
peripheral stimulation. Süll further confirmation is derived from th« ^B 
MCcurrence of similar temporal differences in the simple reaction (cf. 
It-te)- Other thing« equal, a reaction to auditory stimuli occupie» 
HHb iiov, a reaction to touch approximately the same time, and 
a reaction to sight about 2000. The figmes show, once more, that 
different times are required for sttinulus-tiansmisaion in diffcient sense 
departments. — The other influence which we can trace in the expe- 
rimental results— the effect of local or modal separation of the im- 
pressions upon the cognition of an interval between them— b of 
peater psychological interest, This influence is so considerable and 
its manifestations so similar that we are able on the one band to 
separate it sharply from the peripheral factors and on the other 
to refer it to a single psychophysical cause. It may be looked upon 
as a special instant« of the general rule that our cognition or 
judgment of definito relations, differences or attributes is easiest and 
most certain when they are the sole objects of observation. Thus, 
it is very difficult to cognise a difference of intcnsily, as between 
two different qualities. We must leave it undecided whether the 
phenomena arc due to an unavoidable distraction of the atteniioo, 
or a simple inhibition of reprotluction. In conclusion we would again 
emphasise the fact that the object of judgment in many of these 
experiments upon 'intervals' was very probably the just noticeable 
succession or even separateness (twoness) of the sense impressions 
(cf. S 63. 3). 
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3. (A) TV Umporal uniibU dis<rimination. — It is customury at the 

piescnt time to use the expression Hmt uiuf with exclusive lefercnce to 

investigations into the temporal sensible discrimination. Now in the 

fiist place this name is as misleading as the terms 'space sense' and 

'sense of locality '. and should, ihcrcrorc, be discarded; and in the 

second, the implied restriction of the time judgment to one sharply defined 

problem U very undeäiiable (cf. g 55. 5). A more special objection is 

that the inclusion of all judgments of interval undei the general 

[Tubric of sensible discrimination for temporal magnitudes has been a 

Wrious obstacle in the way of a thoiough psycliulogicat analysis. 

-(i) The tempoi^ judgment has three essentially distinct fonns; one 

with 'small* intervals up to about 0.5 sec, another with 'moderate' 

intervals between the limits 0.5 and about 3-0 sec-, and yet anothei 

with 'larger' inteirals beyond 3.0 sec. In estimating the very smallest 

<imes we do not compare the magnitude of two intervals, but the 

^^ttlity of succession of two pairs of impressions ($ 63. 5). In estimating 

xnodcrate iniervaU we really compare the time-lengths themselves. 

Neither method is ordinarily applicable to large intervals, and we con- 

3C([ucnt1y make our estimation of them by indirect means, — by the help 

-^ a subjective revival of the limiting impression, or of tlie contents 

W the time as it passes (phases of respiration or what not), etc. It 

äs plain thai these three dilTcrent cases are not by any means co- 

^xdinate. (ii) Again, our estimation of small intervals in particular 

Ü liable to be modified by certain phenomena of rhythm, which give 

xise to definite temporal illusions and thus to definite variation of 

the temporal judgment. These various factors have not as yet been 

misfactorily isolated ; and lite summarising of the experimental results 

it consequently attended with extreme difficulty. 

4. The methods employed to test the temporal sensible disabni- 
nation are those of minimal changes (in the strict sense; % 7. III.), 
right an<I wrong cases (as applied to difference determination; % 8. 1.), 
and average error (g 8. II.). A determination of the constant error 
has been attempted, besides that of the absolute and relative sensible 
discrimination. This constant error is indicative of an ovcrestimalion 
or underestimation of the standard time. The investigation of sensible 
«Uscrimination has usually been undertaken with a view to the for» 
mnlation of its dependency upon the magnitude of the times compared. 
Auditory impressions have been almost exclusively used as timitii^ 
stimuli, owing to their short dniation and rapid rise and fall. The 
dependency of our estimation of intervals upon the <]uality of the 
tiniling stimuli, however, has also been made the subject of «xpcri- 
OMntal inquiry. 
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The foDowii^ facts appear to have been established. The absoluto- 
sensible dbcriminution readies its maximum butli of magnitude and 
dcltcat^ 2( an inicrvaJ of 05 sec., where the absolute difference 
limen for a highly piiictixed observer amounts to about 3«. The 
decrease of the absolute sen.'^ible discrimination with higher time 
vahics seems to take the form of a constancy of the relative sensible 
discriminaiion ; i'./.. estimation is made in accordance with Weber'« 
law. But neither the fact itself nor the interpretation of the fact b 
as yet quite certain, since judgments beyond the <y^ sec, limit arc 
not by any means necessarily based upon a pure duration estimate. 
The course of the constant error shows tliat, upon the whole, small 
times are overestimated and large times underestimated. Tlie limit 
value, an interval of tyj to 0-6 sec., has been tenned the interval of' 
indignrnct, and is, uf course, charjcterised by an approximate ovalu« 
of the constant error. It has huther been found that the underesti- 
mation of large times is subject to a peculiar penodicity ; the constant 
error, while it increases with increase of the interval, sinks to a 
relative minimum at each simple multiple of the interval of indifler- 
cncc. We may remark that all these determinations of the constant 
esiOT were made with the firet interval as the standard time. And 
we must not omit to mention that the interval of indiffeience has 
been asugned quite dlScrcQt positioDs (0'5 to 35 sec.) by diffdcot 
observers, 

5. It ia only quite recently that an attempt has been made to 
formulate the various psycholngical conditions of the cstimatioa of 
intervals, (i) Judgment of small times, where the real object of per- 
ception is the succession of the sensory impressions, b, of course, 
very largely dcpendciii upon the character (quality, intensity, duraiioD) 
of these impressions themselves. Two objectively equal inlervab, 
limited respectively by visual and auditory stimuli, arc dilTcrenlly 
estimated, the visual lime (if we may use the expression) appearing 
smaller than the iiitditory. Again, a visual time in iadirect vision 
seems considerably longer than the same time in direct vision. And 
again, an interval which is limited by two more intensive sound im- 
pressions is taken to be shorter than an objectively equal interval 
bounded by weaker stimuli. All these observations illustrate the 
dependency of the temgioral judgment upon purely sensory condi- 
tions,— the relative apparent duration of the limiting impressions. They 
are in complete accord with the determinations of Ujc duration of 
sensations by the method of frequency (§ 64). We must, accordingly, 
suppose that the difference of the subjective interval, with strong and 
weak sound impressions, with visual and auditory stimuli, and with 
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-direct and indirect vision, Is due to ibe dÜTcrence of duration of the 
limiling sensations. In other words, the results are not to be referred 
to a "deception of judgment', but to a simple incongmity between 
the objective times and the times given in sensation. 

(3) Another (actor in the comparison of intervals, of a different 
order from the foregoing, is the influence of rhythm, (a) It is a 
'Caiioas Kict that the involuntary rhythmical apprehension uf stimuli 
b confined to auditor}' impressions. (^) The rhythmical division can 
be effected in a variety of ways: by objective alternation of intens!» 
ties or qualities of the impreasions, by the temporal dissodation <Ä 
two successive terms of a stimulus series, by their difierent locaiisation, 
or by 3 purely subjective emphasis or 'accentuation' of a particular 
impression. The general result of rhythmical division is the production 
of a lims /ringt, i.e., a subjective lengöiening of the intervals Ijing 
before and after the accented impression. There can be no doubt 
(tiat the alteration of the temix^ral judgment in this case must be 
nCened lo some more general condition tiian that just disctused (dl 
the (actors which determine temporal sensitivity; § 65. 2). 

6. (3) The judgment of time intervals appears to be further dependent 
upon their aesthetic impression. If this is tlie case, we must recognise 
an influence of agrceablcncss and disagreeableness upon the c-^timalion 
of the Icmporul attributes or relations of sensation, which is only 
paralleled by their influence upon spatial judgments (cf. % 34. 3). 
(4) Again, the smallest times are apprehended diiccily, in a single act 
of perception, whereas two moderate limes given in iinmcdiale succes- 
«ion arc perceptible as distinct interval.s. Time memory, i.e., can play 
but a small part in the former judgment, while it is plainly implied 
in the latter. (3) And lastly, the estimation of intervals from moderate 
limes onwartls is in great mensure dependent on the cliaiacter of thdr 
contents. This is sufficiently shown by tlie empirical criteria of lapse 
of time employed in ordinary Ufe. The greater the number of different 
occurrences whidi have taken place within a given jwriod of time, the 
longer do we Uike it to have been. Our ordinarj' measure of the length 
of time, i.e., is llic number of iinprcssions which it comptises. Th» 
(act .stands in apjvirent contradiction to another fact of common ax-j 
periencc, — that time passes more quickly (the given period is j 
lo be smaller) when it indudes a variety of experiences than when it 
li 'empty'. But the contradiction is only apparent, and disappears 
when we remember that the contents of tiie period in llie latter instance 
entirely divert the attention from the passage of time and draw it upon 
Ihemsdves. If the content processes are of a monotonous or miintcrest- 
iag character the time »eems to pa^ very much more slowly (the 
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neriod b largely ov«re.<<Ümated). Here again, tlten, we luve a oondi- 
tion of temporal estimation in general. 

7. It fdJIowK from till!« dlscusaiciQ lliat a theory of the direct judg- 
toent of lime interval must begin with a distinction betwecD special 
and general conditions. The former need hardly be discussed fuithcr. 
Wc may sum them up in the general proposition that all the pcti- 
phcial läctois which produce a change in the duration of scmation 
Kn« at the same time to lengthen or shorten an intcn'al limited by 
acnsc stimuli. The question of the nature and relative importance of 
the general conditions is more difGcuIl to answer. (1] We may cer> 
lainly g^i-e attention the first place in the list; but in doing so we are 
only setting a problem in psychological analysis, of which no saiis- 
&ctory solution has as yet been gJveiL (U) Expedition and ftuq)me 
have been suggested äi Üie basis of the temporal judgments 'grcnter' 
and 'less*. But while there can be no doubt that these emotive fttjites 
are to some extent involved in lite formation of tlie judgment», it must 
be pointed out that tlicir influence is at best of a purely secondary 
character, and that it is wholly inadequate to the explanation of a 
large number of the facts of temporal sensible discrimination. Thus 
(b) the attempt to reduce the ovcreslimation of small and the undcr- 
estiiiutton of large timea to terms of expectation and surprise (a» 
appi-^ring earlier in tlie (irit case and later in the second) has pro^'cd 
altiigedier unsucce^iful. (^ Moreover, sensible discriinirutiun reaches 
its maximum with the snuvlic^t times, i.e., imdcr conditions where it is 
admitted that the two emotions are hardly remarked at all. And lastly, 
(r) there seems to be no unequivocal relation between them and the 
judgments 'greater' and 'less'. We may be surprised, <#., that an 
interval lasU too long; and wc need not expect that the second intcn'al 
will be similar to tlie fii^t, — expectation Is not necessarily directed 
upon (predisposed for) equality of the stimulus times. Wc arc. there- 
fore, led to tlie conclusion that these factoid are not gcnerai conditions, 
but occaiiional and hidirect criteria of the time judgment. (Ui) Again, 
an cxnggcratcd importance for tempor^J estiination has been attributed 
to strain scn-iations. — There is a fundamental objection to all theories 
of this kind : their holders r^ard the temporal character of conscious 
processes not as something originally given, but as superinduced upon 
tbem by muscular sensations, the adjustment of the sensory attentioo, 
etc Such a view is as inconceivable and as epistcmologically mistaken 
as is the stricUy empirislic theory of the space idea (§ 57. 10). 

8. Il must be led to future investigators to define more specifically 
&e pTOcuaa which we have tunned 'general conditions' of temporal 
estimation. The elTect of attention upon the temporal Judgment, 
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J however, may be inrened with wmdc degree of probabilit>- from its 
linfluciKc in olher coniiectionä. Two points in particular may be 
''nenrioned. («) Every attribute of a conscious proce;» is enhanced 
in the atuie of attention* ijuullty becoines clearer, intensity more 
I vivid, extenition and duration lai]geT. And this enhüDcement is appa- 
lenüy proportional to tbc conceiitration of the attention, so that the 
degree of concentration is correbted with a certain degree of cliangc 
i>f tiie (our attribute». (^ Ever)' relation between conscious processes 
Ls made cIukci, stronger, xnd mote evident in the state of atlGD- 
tion. The associabiliiy and rcproductivity of sensations arc increased, 
all kinds of dißcrcnce between sensations become mote distinct, etc. 
We may conclude from these facts (i) that, other things equal, the 
apparent lengdi of an interval is directly proporlional to the conoentia- 
tion of the attention upon it, and (ii) that the dislinctncss of a temporal 
difference in consciousness, i.t., its apparent m^tgnitude, increases with 
atteolivc observation of its own nature or of the nattire of the impre«- 
sooa which constitute it. Any thing which hinders or diminishes the 
concentration of the attention upon an interval or a temporal dlfiereace 
must also reduce the Apparent duration of the time, and decrease the 
delicacy of the temporal sensible discrimination. Now it is cxticiaely 
difEcult to hold the attention upon the time as Kuch e%'cn in inter- 
vals of 3 to 4 sees-, and almost impossible with longer times. The 
observation presupposes that consciousness is kept pci&istcntly empty 
contents; and to effect and maintain the inhibition of iocomiog 
Ms requires a very considerable effort. This effort manifests itself 
an intensive common sensation, which can plainly be employed 
\at purposes of temporal estim3tion,~its intensity affording a direct 
Btcasure of the lap^e of time. If the effort is relaxed (it is ordinarily 
shown Id attentive observation in the general attitude of the budy 
and the adjustment of the sense organs ; cf. § 75. :), i.e.. If exhaus- 
UoD sets in, the alteiiliou is at once diverted from the exclusive object 
of perception, and other contents and relations begin to force thdr 
way into consciousness. This analysis is supported by the fact that 
the comparison of longer times than those mentioned (li;üf a minute 
and several minutes) is not only characterised by an extreme fluctua- 
tion of sensible discrimination, but has also given a second rcvctiial 
of the constant error, i.t., an ovcrcatimation of the s[and;iid time 

We arc able in this way to explain the imderestimation of large 
times; bat wc have not yet accounted for the ovcrcsdmatlon of small 
htttt^^. Nothing is gained from the analogy of the ovcrestimation 
of small spatial distances, or from an appeal to the special (peripheral) 
conditions of rapidly reci;rrenl stimulation. The comparison of sensations 
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of coirespomling <lur3tioa will perhaps help towards ihe eMabUshnwnt 
of a dcfinil« theory. 

§ 66. The Perception of Temporal PostUoo and of Frequeocj'. 

t. Many of the expcrimeats recorded in the fbregotog Sectkin 
have S direct bearing upon the determi nation of temporal posltkiD 
and frpqucncy- Thu* the observations of the least noticeable inteTval 
should in all probiibility be reganled as observations of Jus.! noticeable 
suoccsraon. The comparison of least intervals m.iy be interpreted as 
th« comparison of the rapidities of successive imjtressions. And the 
introducdoD of rhythm brings as to what we tenned 'period' in our 
analysis of frequency (§ 63. 4),— The estimation of Umpcral /»otition 
may, as we have seen, be uutn general or sfiteia/. If we simply jtidge 
whether two impressions are simultaneous or successive, we are malHng 
a general estimation of temporal position. Jvist noticeable succession 
may, therefore, mean cither just noticeable divergence from simultaneity, 
or the just noticeable distinction of 'before' and 'after'. The general feet 
of non-.iiraulLincity is cognised more quicVly and easily than its direc- 
tion. The sfH-cial estimation of temporal position includes the judg- 
ments of direction and rapidity. A direct estimation of succession is, 
of course, only possible nt a certain rapidity of recurrent stimtiJation; 
just as the direct cstimatinn of movement is restricted to a certain 
lone of movement velocity (cf. § 59. 9). The upper limit of rapidity 
at which succession is noticeable may, perhaps, be inferred from the 
observations on the least noticeable interval ; the lower limit of rapidity, 
below which a direct perception of succession is impossible, has not 
been a.scortaincd and is not in any case capable of accurate definition. 
No express experiments have been made, so far as the author's kncrar- 
ledge extends, upon the conditions of tlie judgments of 'before ' and ' after '. 

2. The general estimation of temporal position forms llie subject 
of inquiry in a series of experimental researches upon the validi^ of an 
astronomical method, the 'eye and ear' method. It was formerly 
ciistomary in astronomy to determine the time of the movement of a 
Star across the field of a telescope by the aid of a number of fine 
parallel threads in the eye-piece of the instrument (eye) and the seconds 
strokes of a pendulum clock (car). The basis of calctilation was the 
coincidence of a definite position of the star with a beat of the pen- 
dulum. The differences in the results of different obserxcrs and ol 
the same obsetver at different times gave occasion to a special inves- 
tigation of the conditions tmder which the simultaneity of hnpressions 
was here estimated. Wundt con.sirucled an iij>p;iratus, which combined 
the continuous movement of a visual imprcssioo with intermittent 
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aoditory or tactual stimulation, and thus allowed of an acmrate rq)ro- 
dactioD of the cimimstancfs ofastronomical observation {'complication 
penduluin'). In thb instnuDCDt the rapidity of movement can be 
varied irithin wide limits, and the auditory or tactual imprcs»ons 
brought into diOerent temporal relations with the visual series, so that 
the simuItanciQ^ of two or three given impressions can be estimated 
nnder very different conditions. The experimenU show that the 
direction of the attention is of determining importance. If the atten- 
tion is predominantly or exclusively directed upon the visual series, 
the auditory stimulus is referred to a later visual imprcs-sion than 
that which it really accompanies; i.t., two impressions are judged 
U simullaoeous, of which the auditory is actually tlie earlier. If on 
the other liand (as usually happens when this apparatus is employed), 
expectation b concentrated on the auditory stimulus, the sound is 
Combined with an earlier visual impression than that which it really 
accompanies; i.i., "mo tmprcvtions are judged as simultaneous, of 
which the auditory is objectively the later. The time Hisplnccment 
in the latter instance cannot be exclusively due to peripheral condi- 
tions, i.r., to the more rapid rise of an auditory sensation (cf % 65. 2). 
since under certain drcumstancea it may reach the value of f »cc. 
3. Tlie foregoing arguments are confirmed by the fact that this 
negative time displacement (in which the auditory impression coincides 
in perception with an earlier visual impression than that with which 
it is objectively combined) is reduced by the intrnduction into the 
cXTperiment of a second disparate impression. The new stimulus is 
taken to be simultaneous with the auditory: there is no secondary 
time displacement. If a third impression b added, whether disparate 
or of similar quality to cither of the original impression», the «implex 
is referred to a later term of the visual series than that which it 
really accompanies. And the introduction of a fourth complication 
stin fiirther increases the value of this positive displacement. The 
pUin conclusion from these obsert-ationa is that the rapidity of ap- 
pcehen^on of the complicating sensations (the sensations which arc 
to be brought into connection with the visual impression) is gr^^atly 
diminished by increase of ihdr number. The same conclusion b 
required by the lact that complication by a number of impressions from 
tile same sense department is much less efTective for time displaecament 
than complicalion by the same number of disparate stimuli (d 
also the results of Exner's experiments, mentioned above: g 65. i, 2). 
Still further confimation of our general theory is furnished by tlie 
possibility of arbitrary correlation of the \-isual and auditiiry impres- 
sioos. The continuous series of visual stimuli is given by an index, 
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moving round a circle upon which Its separate positions are marked 
in degree«. It is, therr.fone, not difficult for the observer to imprint 
upon his mind some defiiiite position of the moving index, and lo \o(Ai 
for the occurrence of the auditory iinpre^ion 2t that point. If the 
atteatloa ha» been 'Imincd' to make this connection, displacement of 
the atidiloij impirv^ifin ia poKsible within wide limits-— If, then, vc 
abstract from the senioiy conditions of the time dw]>l3cement, we may 
bring all these observations under the single principle, that the rapidity 
of (he perception of a sense impression is essentially dependent upon 
the degree of attention which it receives. 

4. The detcnnination of the /rtqutiuy of succesave impresüons 
involves (a) judgments of the direction and rapidity of their succession, 
and [(I) judgmcnis of üic duration of the intervals between successive 
contents, of each content itself, and of the total series of intervals and 
contents. Bui it also implies two new judgments, (y) the judgment of 
number, and {9) the judgment of period or rhytlim {% 63. 4). Only 
the first of these two spedal factors has been subjected to thorough 
experimental analysis; the second has never been made the object of 
apcci.'il tuve^tigatlun, in spite of its importance for music and discourse, 
(i) The question of the numbgr of successive impresdoiu has not been 
raised in this particuhr form, but certain of the phenomena have been 
examined in connection with the problem of the 'range of conscious- 
ness'. The method employed was that of the determination of the 
greatest number of successive auditory stimuli which could be oosnised 
with any high degree of certainly. A scries of successive metronome 
beats was compared with another group of similar impressions; and 
a limit of accurate comparison was found in terms of tlie number of 
stimuli and the rapidity of their succession. We need not attempt 
to decide whellier ot not it b necessary for the purposes of this com- 
parison that all tlic members of the series should be conceived of as 
present in consciousness at diOerent degrees of distinctness, — the first 
impression being just above the conscious limen when the last is given. 
We do not. i^^ venture an opinion on the controverted question 
whether these experiments have really measured the range of con* 
sciousness. In any event, they furnish valuable material for the analysts 
of the juilgmcnl of number, with which we are here concerned. 

5. The results may be summarised as follows, (o) The most favour- 
able rapidity of succession was given with intervals of 0'2 to 0-3 sec 
between the separate sound stimuli; i^., it was under these conditions 
that the longest scries could be accurately compared. The maximal 
ntunbcr of separate impressions was 16. Serial comparison became 
practically impossble at a higher limit of O'l nt/c. intervals, and at a 
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lower limit of 4 scc. intervals, (p) Comparison was considerably easier 
with un even number of impressions than with an odd numbtr. This 
bet clearly points 10 ihc inäucncc of rhythmical division of the stimuli, 
— which, indeed, was extremely apparent throughout the whole ctiune 
of the experiments. Where the scries could be diWded into periods 
the apprehension of the total number of impressions was very greatly 
&cilitatcd. Abätcnlion from rhythmical division would seem to be not 
impo6sibIc, b«t the tendency towards it is extraordinarily strong, The 
fomation of simple periods of two impressions is almost inevitable, 
whatever precautinns are lakt-n, and very possibly accounts for the 
gicaici range of judgment will» even numbered series. The niasimal 
number of 16 imprt^ssions is probably reducible to 8 double impres- 
sions. If periods of 8 stimuli ace formed, tlie limit of accuracy of 
contpori.son rises to 40 separate impiessions, wliich are thus arranged 
in five i>eriods.— When we ask for an explanation of this compaiiwni 
of group» of successive stimuli, the hvpothesis at once suggests Itself 
that accustomed D ess to a definite number leads to an involuntary 
tendency on the part of the observer to reproduce the succession of 
sounds in its original length and at its original rapidity. I^ therefore, 
the second »erics is an exact repetition of that to which the subject 
has gron-n accustomed, its likenes» to the standard would then bo 
«ouchcd for by the .ibsence of any expectation of further stimulation 
and of the surprise which would be aroused by its premature conclusion. 
But it is nndeniable tliat these indirect criteria may quite well be 
dispcnied with, and that the actual comparison of the scries ia nfie« 
dilCcdy made. Wc arc thus forced to the condition that tlie inter- 
OOnnectioo of a number of succe^ive stimuli represents a relation of 
conscious contents no less original than that of simultaneous stimuli, 
and that Mries may be compared as directly as time intcr\als, inten- 
sities, etc Expectation and surprise, whatever part their prcdispotition 
may play in the determination of a given number of successive 
imprcmons, arc no more the necessary conditions of serial compari.ton 
Id general than they arc of the intcicomparison of numbers of points 
or lines simultaneously presented in the field of vision. Before any 
more definite statement can be made, however, further expetimcnts 
mast be instituted, and in particular the conditions of judgment varied 
and their effects noted. In all ptobabHiiy, these obscr^-ations of 
eimultaueous groups or successive series conslituto the first psychological 
begjonings of the concept of number. The elementary discrimiriatiOD 
of visible or audible contents in terms o( number, when all other 
attributes or relations arc given equal, cannot possibly be lefeired to 
any mure fundamental phenomenon. 
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b. (ii) The |i;Teai importance of rhyihm tn any kind of auditoiy 
sequence has niggcitLtl the hypoihc»:.-! tliai it is the spcdßc time 
seniaiioD. It is ccitainly true tliat series of vc^ different quality may 
be heard in the same rhythm, and that precisely similar imprcssiODS 
may be given very diäfereDt rhythmical division in perception. The 
impresson of a particular rtiythro, again, may be due to widely divergent 
causes ; any difference of rt^lar recurrence in succcwivc paii^ of andi- 
toiy stimuli, whether it be intensive, qualitative or temporal (düferenee 
of interval), can give rise to one and the same rhythmical divtsjon. 
The 'times' of musical rendition are not by any means necessarily 
idcniiral with particular rhythms. Musical 'time' marks the value and 
the mutual relation of the separate notes; while rhythm may take on 
the most different forms, according to the nature of tlie regular inlen- 
rivc changes, pauses, etc., within the time. The great variety of 
musical effect is, therefore, due to the pos^ible variation of rhythm 
under a constant time rubric. The same applies to poetic compositioii, 
where again the prescribed metre is not the exclusive determinant of 
rhylhrn. It is noteworthy that the ^ical rhythmical forms appear to 
be restricted to three successive impressions. Beyond this hmil we 
5im]ily have repetitions of the various ^pes possible with two and 
three impression». In bimcmbral rhythms, either impression may be 
accented. But only two forms of trimembral rh)'thm have been 
dc^'clopcd, those in which the accent falls upon the first and third 
tcnn. These rtilcs arc illustrated in the four common metre», — ihc 
iambic, trochaic, dactyh'c and anapjcstic. A rhytlun of four impres- 
ßions is always reducible to two bimcmbra! rhjlhm.t, one of which 
(usually the second) has a weaker accent than the other. A seximembral 
ihythm is analysable in the same way into periods of two or three 
impressions. Nothing definite can be said at present of the oonditiODS 
of the various rhythmical phenomena, as the necessary lovestigaliOBS 
have not been canied out. 






Literature: 

S. ExDcr. Bxfrrt'mfitfelle Unltrtue^ungrn itr fin/aehilen psytkitthtH P rt atH T 
PtlUger'» Archiv /. Fhytiol., vol. li., pp. 403 B. 

C Vicrotdt, Der ZridinH. 1868. 

F. Schumann, UeUr du Sthdliung kUimr Ztilgriistn. Ztilukr. f. Piyth, tt, 
nysiel. rf, StHnesorgatie, voL iv„ pp. 1 ff. 

E. Mcumann, BiitrSge air PsyeheUgU Jet Zeittinns. PM. Stitiini, voL i4ii. 
pp. 4ii ff.; vol. U., pp. it\ B. 

W. von TKhiich. Veicr die Zatwrkällniift dtr Affera^ion, ttc fMI. 




I 6r. TUB GENERAL PHENOMENA OP COLUGATION. yp 



Chaptbb in. Spatial and Teuporal Colugation. 



\ Oj. The General Phenomeoa of Colligation. 



I. Nothing shows more plainly the peculiar character of spatial 
and toDporal colligation than the separate treatment which time and 
■pace have received, altogether apart from the conscious contents of 
which they may be prediciitcd as attributes. The intensity of a 
sensation or feeling is known and rated simply as the intensity of a 
particiilar process of the particular kind: but rhythm and figure, 
extension and duration, locality and number seem to Indicate contents 
IM gtHtrü, which, however regarded — whether from the objcctire 
Standpoim of natural science, or under the conditions of a purely 
fonnal inquiry, or from the point of view of psychological experience — 
j ue soracihing more than mere attiibutcs of an underlying reality. 
I TTus is undoubtedly the reason of the special position accorded to 
q>ftce and time in psychological treatises. But there is one observa- 
tion in particular which seems to give a reason for their isolation : the 
fact that the temporal and spatial attributes of consdoua contents are 
I always and everywhere easy of combination into total tmpressiuns. A 
^itonllaneoiMprcsenlment of diflercnt colours Uikcs rank at once asa spatial 
^^Miole: a successive presentment of diSerent tones as a temporal whole. 
^^nbis independence of the temporal and spatial total impression has 
^Pielpcd more than anything else to obscure the psycholog>- of space 
and time, and to raise them above their true level as attributes and 
relations of conscious contents to the dignity of specific and elementar}' 
qualities. It must be emphatically stated that the observation quoted 
}06t DOW b not without its analogues in the sphere of intensity and 
quality; it merely shows us a familiar phenomenon in an cxrrcmo 
form. We are already acquainted with the qualitative total impression 
aad the total intensity of the fusion; and we know that it is possible 
lo compare the intensities of two contents witliin the same sense 
depailineni, even if they are dilterent in quality. On the other hand, 
(here are limits to the independence of the spatial and tem]v>Tal 
attributes: their variation with the nature of the sensations to which 
they attach is a fact which we have frequently bad occasion to note 
^_ln the two preceding Cliapters. 

^H 2. It b not unty in the nature of the total impression, however, 
^Hbat spatial and temporal colligation differs from fusion. The connected 
Pnontcnts themselves possess u distinct character in the two cases. 
Analysis is made more difficult by fusion, easier by colligation. The 
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apprehension of the tones contained in a chord b a very difle: 
matter firom their sqiarale perception in a moti/ at a melody; 
white it is difficuh enough to distinguish colour tone and bright- 
ness in a colour impression, it is relatively easy to discrinünate the 
various colours and the distribution of light and shade in a picture. 
It might »ccm, therefore, as if the title of temporal and spatial 
disjunction were more :ipplicablc than that of colligation. But that the 
pioximity of different impressions in time and space renders xvslXy 
important service for analysis, better service than any given degree of 
disjunction, is shovm by the fact that their dilference is brought out 
with especial clearness under ihc conditions of temporal and spatial 
contiguity. Whatever we arc accustomed or inclined to regard as a. 
unitary object, we endeavour to make as unifonn as possible in quality. 
Thus, wc furnish our rooms upon a single colour scheme, and avoid 
the justaposition of gay lints in our clothing. And if we wi^h to 
bring out the effect of a figure in all its purity, we have it copied or 
represented in a substance of homogeneous quality. Thus a statoe 
or a building maliea the most direct impression upon the mind when 
it iü left in monotone and not painted over and particoloured '. Btit, 
again, it is not only the quality of conscious contents that is tl 
into stronger relief by spatial or temporal colligation; intensities 
become more vivid under its influence. In any scries of experimcDtl 
upon the intensive sensible discrimination, the beat results are obtained 
with a temporal succession or spatial collocation of the compared im- 
pressions. And the same rule holds, of course, for the spatial and 
temporal attributes of the conscious elements- 

3. This brings us to a third point of difference between ftl^on and 
colligation. In the former case a content cannot be satd to be ade* 
quatcly defined by a simple enumeration of the qualities with which 
it is connected at the moment. For fmon itself is not an unequivocal 
term ; the connections as well as the terms of connection are capable 
of variation within wide limits. On the other hand, a conscious content 
is individually characterised and completely defined by its position 
within a temporal or spatial colligation. Wc have already had occasion 
to mention this fact: it helped us to explain the exceptional importance 
ascribed by pmhologists to the 'law of contiguity' in the doctrine of 
association of ideas (cf. § 30. 4). 'Position' is used, of course, in both 
its meanings: temporal poution constitutes the individual definition of 
a content In respect of time, and spatial position or locality gives it 

■ 1 OD» M« » bouie in South Genniaf ibo pktt-uwaanhip of which hj two 
penoni wu tufiicicntly iutlcated by « tiuiple diOerente o( ooloui; Iha liaa of joscCJiia 
of the ftitA» nundag vf th« midtUo of the front door. 
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an unmistakeablc characterisation with rcgatd to space. It is in this 
properly of coiligaiion that memory finds its chief support; and in 
pcacticat life it furnishes the most effectual means for the intelligible 
communicatioii of experience by mind to mind, — All these influences 
met spoD one another. The indcpendcnc« of the scpaiatc contents 
in spatial and temporal colligation prevents the formation of any but 
a tempotal or spatial total impression; and, on the other aide, the 
general inlercocmeclion of all determinations of space and time gives 
each particular content an entirely individual significance. Af;ain, the 
idea of a single object, of a thing as such, is best secured by the 
uniformity of iLs quality. We have referred to the distinction which 
ha* been drawn between »en.sation an<l perception (g 6i. 6). One of 
the principal arguments alleged in favour of the distinction is that 
perception implies a delimitation of separate iibjerts, which is only 
poRul>le by tlic help of spatial or temporal disjunction. From the 
psychoidgiciU point of view, however, we must insist that the reason 
for thLt disjunction cannot be looked for in the spntial or temporal 
deteTminations themselves. On the contrary, nothing is more ptobiiblc 
than that tracts of space and time, as originally given, mediate total 
impressions exclusively, and that the differentiation of these b only 
effected by the aid of definite contents or content complexes. 

4. We have already laid something of the special forms of spatial 
and temporal colligation (g 42). (i) The phenomena of spatial colli- 
gation fall into two groups, (a) Tlic first c<>mprise:t coltigiitions within 
the sphere of touch and vision, ttt., under ciramisBtnccs which admit 
oH a direct space judgment. The phencmenu of visual eonlmU in 
particular furnish a striking illustration of the various properties of 
spatial colligation which we have just been discussing. There is, of 
course, no tactual contrast in this meaning of the word, for the simple 
reason that the cutaneous sensations do not exhibit any considerable 
number of qualitative differences. On the oüier hand, something 
analogous to visual contrast is found in the interrelation of tactual 
intensities. And in both sense departments we have what is called 
oontrast of magnitude, i.*., an enhancement by coUigatioD of a given 
difference between two spatial determinations, {p) Contrast phenomena 
<A more indirect or%> are observed when there are differences in the 
localiiation of two non*spatial contents. 

Visual contrast is the only one of all these processes which has been 
discmsed and investigated in detail; and we shall, therefore, devote a 
special Section to its consideration. Two forms have been dlttinguished, 
a simu/taneaui and a $utcutivt contrast. The latter appears when the 
visual sensations aie given in temporal succession, i.*., implies temporal 




DOCTKINB OF COHPOUKDS: COLUGdTION. 

as well as spatial colligstkni. Wc have bricB}' noted its influence upoD 
the sensible discrimination of tones (§ 14. 4), and of cutaneous inten- 
■Itie« (S 25. 3). The serial order of the separale qualities is so im- 
portant aid to thm clear apprehension, as well as to their accurate 
discrimination. The stimuli, however, must not be given in iinmedtate 
succession, or the after cScct of each precedent excitation will interfere 
with the cognition of the following. If the sensations are to reap the 
lull benefit of their temporal colligation they must be separated by 
intervals adjiuted to the condiliotu of sttmuldtioa in tlie difTerent sense 
departments (§ 64; g 65. i, 2; cf. 2 above). 

3. (2) Temporal colligation i« co-extensive with conäciousness : it is 
the most general fonn of inlcrconnection of conscious processes. But 
its laws and conditions have only incidentally been made the object 
of special inquiry. It is true that two t)'pes of temporal colligation, — 
leptdiluction and action, — have been recognised and investigated as 
independent processes. But even here the observers interest has been 
principally centred upon secondary phenomena; in the case of repro- 
duction, upon the conditions of colligation, the different 'associations'; 
and in the case of action, upon the variation of the total duralioa 
with variation of determining influences. We shall, therefore, spend 
no more time here upon the process of reproduction, but wäl refer 
tfa« reader to the discussion in PL I, Chap. 4. The rules which hold 
for the fusion and colligation of peripherally excited sensations can 
be easily applied to centrally excited contents. The same differences 
exist between tlie two types of connection in both spheres, though 
naturally altered in absolute amount by the wide divergence of peri- 
pherally and centrally excited sensations. Hence we did not hesitate, 
when we were considering centrally excited sensations as stich, to 
extend our investigation beyond the separate contents to their intercon- 
nections if^., % 31. 6). — We give the name of reaetiom to those types 
of action which are accessible to scientific examination, i,t^ which 
arc initiated by a peripheral impression. Both simple and compotind 
reactions will be considered in the present Chapter. The mention of 
reactions concludes the list of colligation processes of which wc have 
any exact knowledge at the present stage of psychological inquiry. 

% 68- The Contrast of Brightness and Colour. 



I. The law of contrast holds witliin both of the great divisions of 
visual qualitieSi and the phenomena of contrast itself accordingly fall 
into two main classes. Tf two different brightnesses are observed simul- 
taneously or in succession, each seems to throw the quality of the 




Oth«T into h^her n\iet; und tvro <liirerent colour tonen :ict iintl react 
upon caich other in a prcciitcly simiiar mannei. But curiously enough, 
'■IK» »och result is pmdiurcd by the juxta|xisition of colour lone and 
brightne». The purity of a white is not enhanced by coloured sur- 
roundings, and a precedent or simultaneous brightness has no direct 
effect upon (fa« saturation of a colour. There is, t>., no such thing 
as a (onlrati of saluralioH, in the strict meaning of the word. Where 
Ibe lenn is employed, it usually denotes the influence of the degree 
of saturation of the seiiaiate colouis upon a resultant colour 
cootrast. Besides llie dbttiuction of brightness and colour contrast, 
ire have those of simullantotu and suecmive, and of monocular and 
Ahnaäar contiaxt phentnneiui. These expressions, however, do not 
deagnate new fact» of contrast, but only different conditions or cir- 
cunutances under which the proce^>ses of brightness and colour con- 
trast appear. Again, a distinction has been drawn within the sphere 
of simultaneous conttast between tonlrait of margin, which arises when 
the contrasting surfaces are in direct contact, and (OKlrasi of diiMnet, 
which occurs when the two fields arc separated by a considerable 
interval. Here too, however, the cjtpicssions merely call altenlion to 
the dependency of contrast upon the distance which separates the 
intenEclii^ (lualitics. Tlie colouror brighhiess which inRuencesanother 
by way of contrast is commonly known as the induang, and that 
which is changed by aintrast as the inttuttd; while the normal ap- 
pearance of the latter, previous to its induction, is termed the rtttclt'ng 
quality. As a matter of fact, contract is always reciprocal, consisting 
siin{dy in an alteration or enhancement of (he normal difference between 
two qualities. But the lenns just defined arc exceedingly useful in 
experimental investigation, for the unequivocal specification o( the 
objects compared. 

2. (a) Contrast 9f brigkintt». — The general rule of brightness contrast 
is that when two brightnesses of differeat quaUty are seen simulia- 
^neouslj or in succession, the difference between them is apparently 
'fiooeased. If we have before us a .tmall white square upon a white 
SurCsce of tlie xame quality, a similar square upon a gray Muface, and 
a third square of tlie same kind upon a blacJc b^ickground, ttie first 
«HI appear darker and llic Inst lighter tlian the other two. Titc 
conditions of brightness c»nltast are general and speciiil. Under the 
Ibnoer head fall attention, fatigue, etc-, — all the processes which we 
found to have a general influence upon sensible discrimination (S S). 
There are f^ur special condiiions: the absolute brightness of the con- 
trasting qualities, their brightness diflcrcnce, their extension and their 
distencc from each other, (a) The absohlt brighttms of the impressions b 
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of imporianoc bec.iusc a nodceabte enliancement of its quality is only 
possible within ccitain limits. If cither »f the stimuU approaches the 
upper or lower limit, of brightness sensation, no noticeable brightening 
or darkcniDg can be expected to result from its rontrast with the Other. 
Moreo^■er, the constancy of the relative sensible discrimination for 
brighine.ifte.s (§ i8. 5) means that the absolute unioiint of difTerence 
necessary to produce a noticeable change of quality is directly pro- 
portional to the degree of brightness of the reacting surface. Contrast 
effects between brightness aen^lions will accordingly be noticeable 
only within ceiUin limits. It will not be (ouitd, e^., that a clear sky 
■s aotiocably biiglilcned if we hold some «mall dark object before the 
eyes as we look iit it. -tt fnllows from these nt^itemenU thai we can 
distinguish diflerent degrees of contiiLit, and tliat each mu.'.l be capcible 
of quantitative exprcsKion. To obtain a measure for ttie mag:iiitude 
of a contrast effect, it is only necessary to compare the induccti 
brightne» with a brightness of the same quality as the reacting mrface, 
and to vary the latter until tlie two are apparently equal. The amount of 
cliange which the reacting brightness undergoes gives the measure required. 
3. (P) Tlie second special condition is that of the brigkiHtit di^rtntt 
of tlie two surfaces. It is found that the degree of contrast readies 
ill maximum with a modemte dUTerence between the inducing and 
the reacting surläcca. If tlie diHerence is too small or too great, 
no contrast elTect it noticeable. Within certain limits tlic most 
favourable relation between the two impressiuns appears to remain 
constant, ».«., to be indqiendent ol their abttolute brightness. It i> 
expressed by the proportion 1 : 4*76. (y) No systematic investigation 
has been made into the influence of the dhtana which separates the 
contrasting brightnesses. As a general rule, contrast of margin, which 
appears at tlic line of division between the two adjacent qu^ities, is 
more intensive than tlic <-üutraj^ produced «ben the reacting and 
inducing surfaces are placed at some little distance apart. But the 
exact rate «f dtK-reasc of degree of contrast with increase of distance 
has not yet been determined. iS) On the other hand, the dependency 
of conlr;ist upon the txttnsion of the intluciiig surface ha.!* been very 
Üioroughly investigated, Kitschmann has discovered that the degree 
of contrast increases in direct proportion to the linear extension of 
the inducing stimulus or to the square root of its area! contents. The 
law is only valid within certain limits. It suggests at once the influence 
of extension upon apparent btighines8, of which we have previou.tly 
spoken (g 18. 7). Increase of extent. i.t„ has the same effect, under 
certain conditions, as increase of brightness — The same rules probably 
hold (or the brightness contrast of colour impressions. . 



4- (*) Cenlratt tf eeiöur. — The general conditions of coloui contrast 
ate the same with those of brightness contra«!. There are three sea 
of special conditions; the quality of the colour tone, and thedifCsrenoe 
between the inducing and reacting- colours; the saturation and sata- 
ntioQ diJerence of the particular colours; and lastly, their extension 
and dtstance from each other. {«) The only specific influence which 
tm be attributed to colour quality as such is that it tends in eveiy 
case to tinge the surrounding surface with the complementary quality. 
No noticeable effect is produced, however, unless the reacting quality 
stands at a very low level of saturation. The complementary colours 
are those which show the widest subjcriive divergence in the colour 
sencs (cf. | 17. 4). Here again, therefore, contrast consists in an 
eithanccment of the nonnal difference between two qualities. The 
dependency of contrul upon the difftttnct between the coloui tones is 
twofold. In the first place, it reaches an upper and lowci limit ai a 
certain ma-timal and minimal degree of dilTcrencc- Thus, no chang« 
is produced in a red object whether we place it against a background 
of its own quality or on a bluish green surface; whereas it is slightly 
ahered in the direction of purple if its sunuundJngs are green, and 
takes on a weakly bluish tinge if they are yellow. It follows Üiat 
the highest degree of colour contrast is produced when the two 
qualities tic fairly near each other on the colour scale. In the second 
plac«, it is important to note that the strongest contrast effects are 
obtained under conditions which exclude a simultaneous brightaess 
conlnst. (>., when the brightnesses of the reacting and inducing colours 
are subjectively equal. 

5. if) The laiumlion of a colour tone mililales against the eilect 
of contrast; i>., lite more saturated the colour, the less is it liable to 
apfurent alteration by itt surround in gs. As we may regard gray or 
white as the lower limit of the saturation of any c<jIour, it is clear Ihat an 
inducing ooloor will produce its masimal contrast effect upon a colourless 
innface of equal br^htness. It has been experimentally shown Ihat the 
induced surfat^e, under these circumstances, takes on a distinct comple- 
mentary tinge. Here ^ain, the magnitude of the contrast effect cart be 
nieauircd by the amount of colour of the same quality with the inducing 
which is requited to cancel the completnentary tone of the induced 
SQT&ce. The degree of saturation of the inducing colour itself is of 
constdcrabk importance for the result. It seems probable from 
Kiischmaiut's investigations, that simultaneous contrast between a colour 
iffipiressioii and a gray of equal brightness inacases in logarithmic 
Proportion to its saturation, i.r., in accordance with a rule whose 
ibcmulation b identical with that of Weber's law (cf. g 16). As regards 
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the influence of taiuration difftrtntt, contrast is marönal when the nfl 
oolouis possess a moderate de^e« of saluratian. This fact maj be 
deduced a priori frntn the coiiititleiation that each of two given cc 
indoces the other, and that the invene variation of their indt 
with incnase or decreaie of saturation does not proceed in the %xtA 
nnmerical proportion, (y) The inlluence of txUmion and ditlanet 
upon colour contriut is probably the same with their influence upon 
brightness contrast; l>ut the question has not been definilel}' investigated. 
The contrast of margin i* again esjiecially vivid. But it is noteworthy 
tiiat distinctness of outline or steady fixation of the margin of the 
colour surfaces diminishes the degree of contrast The same result is 
produced by the introduction of a narrow strip of dißerent quality 
between the adjacent borders of the reacting and inducing siufaces. 
6. Both kinds of contrast are in great measure dependent upon 
die duration of the brightness ot colour stimulation. One quite recent 
ijexperiment is of jieculiar importance for the theoretical c:cplanation of 
Flhe contrast elTecL It was found that the duration of the electric 
Idischar^ of a Holtx machine (calculated at about ^aim'aoii -j sec.) is 
*^ fully sufficient to produce a distinct impression of conlra&t, which 
cannot be destroyed by any previous suggestion which may have given 
a wrong direction to expectation. The impression arises instantaneously, 
and remains unchanged during the course (approximately | sec) of 
the subsequent after-image. In all probability contrast reaches it» 
maximum very soon after the beginning of the observation; then 
decreases; and finally, if the suiface i» persistently 6xalcd, chatiges 
to an induction of the same quality with the reacting light. The 
effect of tutcissivt contrast is precisely simitar to that of simultaneous, 
but Is dilGcult to distinguish from the after-image phenomena, to 
which it bears a very close general resemblance. Observations have 
also been made upon binocular contrast, i.e., the transference of the 
contrast effect from the stimulated to the unstimulated eye. It must 
not be supposed, of course, that the processes described hitherto are 
only set up by monocular üxation. The düTerence between them and 
binocular contrast b simply this: that they are the result either of 
unonocular perception or of a simple co-operation of the two eyes, 
ivhereas binocular contrast (in this spccitü sense) presupposes a separate 
functioning of either eye (cf. the 'direct' and 'crossed' after-images: 
g so. i). It may be laid down as a general rule that the after cflect 
of monocular stimulation in the unstimulated eye b altogether similar 
to that produced under oidittary conditions, except that it is «eake 
and less sharply defined. But even when the two fields of vision . 
not completely separated, and more especially in experiments 
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i)>e stereoscopic oombinatioD of objects of diRcreot spatial portion, 
«e KKEWtimes have the occuircncc of phcDomcna which arc referred 
lo binocular contrast, and vhich arc iniimalcly related to the phcnuincna 
of htttre, of reflection, and of letioal rivaliy. All these binocular cffoctj 
require foi then- oiigination a sufficient difference between (he im- 
pressions perceived by each eye, in conjunction with an approximately 
equal degree of clearness or vividness. A veiy imporiant part is 
played in the rivalry of contours by voluntary or involuntary movements 
of the point of regard, and by the momeniaty direction of the atten- 
lioa, which may give either of the images a icmpodiaiy advantage over 
the other. 

7. The theory of the phenomena of visual contrast conslilules a 
corollary to tlie theory of vision in general; and the formü which it 
has taken have beco as different as the dilferent theories of visual 
unsatktn (cf. % 21). Helmholtz interprets the contrast effect as a 
deoeption of judgment A dwarf looks shorter than he really is, if he 
stands beside a giant ; and the giant looks taller than he otherwise would, 
*hen the dwarf is by his side. In the same way, a light object on a 
ilark background is taken to be brighter, and a dark object on a l^ht 
background to be darker, than their qualities really are, as represented 
in perception. But this theory meets with very considerable difhcuities 
U soon as ever it attempts the explanation of colour contrast It is 
to see why the deception of judgment should always diange 
IcnsalioD Id the direction of the complementary quality. And there 
arc other objections. The hypothesis cannot account for the actual 
magnitude of the contrast effect ; and the demonstration of its existence 
«ith a minimal duration of ^ttimulation would seem absolutely to preclude 
the possibility of a deception of judgment. Wundt holds tlial the 
phenomenon of contrajtt, like Weber's law (g 26. 4}, is a ]>uiticuliU' 
eq»esdon of a general law of relativity. Tliis view, again, seems 
imtenable, at least as an explanation of colour contrast There can 
be DO doubt that the apprehension of a sensation is dependent upon 
the character of the other conscious contents of the time; but this 
fact does not enable us to understand the magnitude of tlie contrast 
effcci, and the specific direction which colour contrast follows. We 
do not mean to deny that the phenomena of visual contrast point 
to conditions of a general or central nature. These are necessary* to 
account for the universality of contrast, — which obtains between intensities 
and tracts of space or lime as evidently as it docs between qualities; 
and the magnitude of contrast is most certainly inßucnccd by all those 
conditions of sensible discrimination which lead to the results formu- 
lated in Weber's law. But the dose relationship of contrast pheDoraeaa 
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to aAcr-imagcs shows with equal pbinceiä ibat they must be referred 
in part to definite peripheral conditions. Hering has [»roposcd an 
exdusifdy peripheral theory of contrast, or as he phrases it, of simiü- 
taneous and succc^Jvc light inductioD. On thix hypothesis, the stim- 
ulatioD of any part of the retina by way of dissimilation (*>., by white, 
red or yellow) dUposcs the contiguous parts to processes of assimilation 
(i.<., arouses a leudency to sensations of black, giccn or Utie). and 
vit* versa. A similar reason is alleged for the effect of successive 
excit:ilion by the same sümuU. It is clear that every pcriphenil 
leory of visual sensnüon which can give account of the phenomena 
afici-images will also be able to fumisb a plausible explanation 
the condttioDS of contrast effects. But e\-en a peripheral theory me 
with a whole nnmbci of difficulties and disputed points, the fin;ü 
Intion of which is not po&siblc in the pres&Dt state of our knowledg e. 
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I. A reaction ß 63. 2) !s a movement made in response to al 
impression. If it follows diieclly upon the reception of the impression 
■ire have a timffle reaction; if some further conscious process is intei- 
^polated between sensation and motor innervation, a cempoutid reaction. 
The simple reaction, tlieiefore, It very similar to the physiolo^cal 
V^kx, in which a movement of definite muscle groups results from the 
direct transmission of a sensory stimulation lo motor centres, without 
the partidpaiion of consciousness. Indeed, no sharp line of distinction 
can be drawn between the reflex and the simple reaction. The reaction 
experiment consists in the measurement (by an electric clod: or b^^ 
graphic registration) of the duration of the vrtiole chain of processes fro^H 
the moment of stimulation to the execution of tite movement. The 1 
experiment is useful in two ways, (a) The dilTerenoes in tlie times 
obtained ser%-e tu express the quickness or slowness uf tlie part-proci 
eontained in the leaction, and indicate the direction and magnit 
of the various inlliicnces to which it is subject. (^ And tlic frcquäi 
repetition of the same act enables us to anal)-sc with some degree of 
certainty the various factors which compose the reaction itself. This 
ftnalysis is of especial importance in view of the high degree of corn- 
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plentf which a<;tiona ordinarily cihibit. The reaction b simply Ih« 
exact type of all actions, aa (hey arc called in the psychology of 
evayday life, wliidi are initiated by an external stimulua. The reaction 
Gxpenmcat, therefore. prtMeiiu many points of interest aside from the 
queitioa of it« duration. It help» as to understand tlie nature and 
cunditioia of our pr;ictt<'3l relations to tlie external world. And it tias 
contribnted largely to our knowledge of the sensory conditions of 
sensation, of association, of the conncclion of conscious elements, etc. 
The wide rang« of its results has naturally rendered it a bvourilc 
object of invcÄtigalion in experimental psychology. But phyaology and 
astronomy are also interested in the measurement of reaction times: 
physiology, because it supplies a method for the detcnnination of the 
rate of propagation of a sensory nervous excilalion; and astronomy, 
because the registriktion of »bservalions of stellar traiistts counts siinply 
in the execution of reactions. 

2. The dur;)tion of a simple reaction is dependent upon txltmal 
uid inltnal conditions, (i) The most important external condition \& 
the quality of the initiatory sense impression. Reaction to light la«W 
about 800 longer tlian reaction to sound or pressure; reaction to bule 
is also comparatively slow, and reaction to smell and temjxtratuTc 
dornst of all. The inltnsify of the impiessbns is undoubtedly of 
inportance in the ipliue of vision and temperature: the stronger the 
stimulus, within certain limitf^ die shorter is the reaction time. On 
Ae other hand, there is no certain proof of a parallel iiiflueßre of 
iate».tity when the stimuli employed are auditory or electrical-cutaneous. 
All theKC phenomena arc referable to purely physio logic^il causes, and 
pi«$ent a complete analogy to the phenomena of the duration of 
soisations (g 64). (Ü) The changes which arc due to the influence of 
interna] conditions arc of greater psychological importance. Bcsitlcs 
altering the duration of the whole act. they usually imply a quatiutivc 
modification of its contents. Especially important in this connection 
i» the prtparalion of the subject for the reaction. If the stimulus Is 
given une."ipcctedly, the reaction lime is considerably lengthened, and 
m tnany cases an euotiftn is produced (the reactor is surprised or, in 
«treme üwtantrcü, startled), which is directly inhibitors- of the requi.-iltc 
motor innervation. Even when the expectation is adet^uately adjusted 
to the ex]>crimcnt, the result» differ very widdy with its direction and 
isteiuit)'. It is customary to distinguish two type» of simple roiiction ; 
the tentorial or complete and die tntaetdar (motor) or abbreviated 
forms. The reaction is sensorial, when expectation is directed on the 
sense impression, and no special preparation b made for the ino\-cment. 
It b muscular, when expectation is concentrated as exclusively as 
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possible on the answering movement, and no paiticulai pr^amtioii 
is made for the sodsc impression. The psychology of these forms of 
expecUttJon diffets v€ty widely in actual CJtperimcniation; capacity of 
Kproductiua vari«:i in dUTcrenl individuals, and the degree of prepa- 
tation does not remain constant for the same subject. Thus, if the 
reactor is unable to ideate a sense impression with sufficient vividness, 
he will give the prescribed diredion to his expectation by die help 
of jiulgiocnts of an appropriate kind, or of the organic sensatioas 
aroused by the strain in xense organ or organ of movement, or peifaaps 
of visual ideas of the stimulus or of the movement to be made in 
response to it. These diflcrerii forms (if sensorial or mutcuiar pte- 
paralioQ »till await accurate analysis. In ail probability, certain diffcrcnres 
in the determination of reaction times are laigely due to. diScJcnc «- i 
in the form of expectation. flf 

3. Tlie objective result of tliis ditference in preparation ia that the 
sensorial reaction lasts sume ^ sec. longer than the muscolai. But 
(he qualitative coune of the two processes is also different. In ttie 
mu.«rut:ir reliction, the sense impression ads merely as a stimulus to . 
the release of the movement, which is quick and spasmodic; in the 
sensorial reaction, there is not only a clear perception of the stimuhu 
but also a consdous innervation of the movement. This difference 
accounts for certain characteristic reaction types, the prtmatur* and 
«TTont9iu reactions, which not infrequently occur with muscular pce- 
paialion. The premature reaction consists in the execution of tlie 
piescribt^d movement before the sensory stimulus has been given; the 
erroneous reaction in the execution of the required movement in 
answer to some other stimulus than that which is employed in the 
experiment. In either case, the subject is often ignorant that he has 
reacted wrongly. There can be no clearer evidence that the rauscul.ir 
reaction is essentially physiological in nature. In its extreme form it 
has, as a matter of &ct, been interpreted as a practised brain reÜex. 
Neither of tiiese divergences from the nonnal type occurs in the 
sensorial reaction. — It is further noteworthy that t}ie mean variation 
(cf. § 6. 7) of the sensorial type is twice or three times as large as 
that of the muscular. This is not surprising when we remember that 
the reflexes possess extraordinarily conrtmt time values. We may, 
therefore, lay it down that the particij>ation of consciousness in the 
musctJar reaction is re<.trictcd to the intensive preparation for the 
movement, and a somewhat uncertain and indistinct scnsatiom of the 
initiator)' stimulus. Oftentimes this sensation does not become MIy 
clear until after the reaction has been performed. Tlie sensorial reaction 
begins with a sirottarly intensive expectation, which is realised by a 
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dear apprehension of the scn^tion; and ends with a movement, made 
with more or less coascious intention, and wiüi or without the inier- 
wntion of a movement idea. The indefiniteness of this description 
indicates the greater variety of the processes contained in the sensorial 
Rsction, and the impossibility of the leduclioD of all its forms to a 
tJDI^e comprehensive schema. 

4. It is not difficult to discover analogies between these forms of 
tha ample reaction and certain activities or actions in ever>'day life. 
EveryoDe must have bad expeiiences which recall the premature 
«r erroneous reaction; and everjone knows the dilTcrence between two 
aetiono, one of which is continuously directed by the idea of its end, 
while the otlier is accomplished step by step, as it were, each st;ige in its 
exeiution requiring special preparation. When the series of factors 
invoi^xd in an action has become familiar by long practice, there 
can be no doubt of the advantage of a constant idea of its ultimate 
ConcluMon. The prcilominanre of the one idea makes it quicker ^nd 
iDore accurate, and effects a saving of energy as well as of time. The 
sensorial reactions, when they have been thoroughly practised, bear a 
TBy close resemblance to the habitual actions of ordinary life. The 
connoction which has grown up between a sensation and a movement 
b brought about in the particular case without any special impulse 
of^ wiUi^^iiultiout any reflection at all. A vast number of our daily 
actions ate performed' In this way, except that the ])rocess is usually 

,ted by connections of sensations and concluded by combinadonft 
several movements. The term ' assnriadon ' would seem to be as 
applicable to this process as to the interrelation of sensations ; for the 
Uvs and conditions which obtain for the reproduction of movements 
by idea» arc the same with those for the reproduction of sensations 
fay sensations. Actions of this kind have also been named iJtnmol^r. 

5. The reaction time is taken up («) with a purely physiological 
process, consisting in the peripheral stimulation and the propagation 
of the excitation to the cerebral cortex. This is followed (ß) by th« 
psychophysical process of central sensory stimulation, with its oorre- 
tponding sensation; and this again, (y) by the conscious or unconscious 
transmission of the sensory excitation to the motor cortical centre, 
with its purely physiological consequences of the centrifugal stimulation 
and resulting contratltDn of definite muscle groups. The better the 
whole course is prepared, or the mure it is disposed to oonelatcd 
fmclkm, the shorter will the time of reaction be. This explains ihe 
difference of duration between the two form.« of the simple reaction. 
Thus, the additional ^ sec. in the sensorial time is accounted for 
by two principal facts: that the sense impresuon is appii^endod oc 
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upperc«tved wilh maximal distinclnesA before llie movement is peiformed, 
and that the tiammisnon of a 8tiiiiul;iti<>n to the motor centre takes 
place more slowly than in the muM-uloc type- The citscnijal dependency 
o( the whole pr<x:cs)i upon the intci)sit>' of prcpaialion is shown by 
the nutkcd influence of the time allowed foi concentratioD of the 
attention upon the rapidity of the reaction. It is eustomary to give 
a signal at about 2 sea. before the sensory stimulus, this interval havin^^ 
beeo found most fovounblc Cor the slrople ptcpaiation which the 
experimenl lequlrea $ j. 4}. Pratliet, c>i course, shortens the reaction, 
and fatigut lengthens it. DUirattion of the allenlion, too, naturally 
exerts an influence upon the rapidity of reaction. All these general 
conditions, liowe>-eT, seem to be oi ^ letts iiupcnbuice fur the muscular 
than for tlie seunirial form, provided only thut the motor pr^jaratioa 
is not «crioiLily interfered »ith. The reason probably i* that we can 
more easily dispose ourselves for a <lc6nite movement, whose performance 
is under out own control, than keep ourselves prepared for any length 
of time together to receive a dc&nitc sense impression. Dbtraction is 
most readily praduced by an impression of (he same character with the 
reaction stlmuluii, though diveision of the attention by disparate slirautf, 
when it occun» b probably the more effective of the two (cf. § 75. 5). 
This diScrencc helps us to explain the divergent results of investigations 
into the dependency of rcactjoa upon distracting sämuli. We have 
no space here to discuss fonher the many observations of detail which 
have been made in the measurement of simple reaction times. We 
will simply give in conclusion the rough average time of the muscular 
and scn:ioria] forms in dilTctont sense departments. Auditory stimtili 
give time^ of ^ and ^ sec; visuril stimuli, -f^ and i^ sec; and 
tactutl (prcjsuie) stimuli, ^ aiid A *"-' 

§ 70. The Analysis of Compound Reactions. 

I. Psychologists have been principally interested in the compoond 
rcaciions, in which (according to the current hypothesis) the execution 
uf the movement is delayed by definite mental acts performed at onoe 
on th« reception of the sense impressioD, in accordance with a pro- 
P scribed rule. Doodcs «as the first to attempt a delermination of th« 

I rafüdity of judgmSin; cbt^c« and discrimination by a subtractioa of_ 

I the simple from the compound reaction lime; and his example has, 

! been followed by rruuiy subse([ueat investigators. Now it is dear that 

L the result is only valid if the interpolation of the mental act constitutes 

^H the sole change in the cotuse of the reaction, 1.'., if preparation, sensory 
^^ stimulation and movement ate precisely identical in both the simple 
r and the compomid form. We must, therefore, separately examiite the 
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various types of compound rcactioa with a view to ascertalniog n-hethet 
or ho»' far this rcquiicmcnt is fulfilled. The inveati^^alion of compound 
reactions will, however, lose nothing of its imporlaiic«, even if we find 
reason to mistrust these particular calculaliona of the <lunttJon of 
different mental activities. For the real value of the meaxureinent of 
compound reactions (ct § 69. i) consisb (a) 111 the l'urther;ince of an 
accurate iuialyiii.i of llie iitdividual comjioncnts by the frequent repetition 
of the xiune process, and (^) in the illustratinn of tlie influence of 
dtfTercnl conditioiu upon the couiae of the action. And these objects 
of inquiry arc not touched at all by the possibility or impossibility of 
a s^karate itatement of the duration of definite mental acts. Thü 
inteip^oUied processes have been those of cognition, discriminaUoD» 
cESce. reproduction and judgment. We will, tiicrcforc, begin with an 
"analy&is of these pailiciUar acts. 

2. (a) Cagniii«tt is the simplest term of the series. As employed 
here, it meana that the precLtc rliaiacter of the sense imiirewimi 
lo be used in a given experiuienl is left indefinite, and that the xubject 
muM, therefore, cognise iu quality, intensity or otlicr attributes before 
be can execute the reaction runvement. The actual (xxurrence of the 
act of cognition is .tecurcd either by the requirwneDt of cooscientlous 
introspection on the part of the reactor, or by the restriction of the 
tcactioD to one definite impression. The former procedure is to be 
picferrod, since in the alternative case practic« will very quickly lead 
to the formation of a simple ideomotor colligation between the par- 
ticular sense impression and the movement of the reactor. The idea 
of an objective check, which here takes the form of a limitation uf the 
teaction to a sen-te impression previously defined, is correct in itself; 
bat the only method for its realiaalion would consist in a frequent 
variation of the sense impieasions employed, since only in this way 
could the dan^r of an ideomotor colligation be avoided. ^ is alwa)-> 
the s&amiai form of the simple reaction which Ls subtracted from 
the compound in tlic calculation of the time of tlie interpohited 
"Su, wllcther of cognition or of discrimination, etc. This tj-pc of the 
«nple reaction is undoubtedly more nearly related to the different 
complex actions than is the other; for the interpolated act is in every 
instance associated to the sense impression, and it is, therefore, most 
appropriate to give a sensorial direction to expectation. An attempt 
has been made to obtain compound reaction times with muscular prepa- 
lalion; but it can only be successful if the subject is not thinldngex- 
dustrely of the prescribed movement, but is at the same time bringing 
sense impressions and movements into more or less close connection 
in consciouanes«. This latter form of prepariilion has been termed 
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auodalii)*, as coatradiMinsuished from the sensorial. The effect of 
teally muscular preparation is cither to IcnglhcQ the cxnnpound reaction, 
m to rule »ut the mental acts required, and so to make the whole 
reartion dcpcmlcnt upon .-luloiuatio practice or mere accldeat. 

3. Tbe question row arises whether the cognition KACtioo b sim- 
jily d>e sensorial leaclion, plat a new mental act There are tworeasons 
for a negative answer. <i) Preparation is esscnliaÜjr däfercnt in the 
two case». In the sensoiial reaction, expectatioa is directed upon a 
pcrieclly definite sense impression, and the observer may be disposed 
solely for it» sped^il reception. la the cognition reaction, the direction 
of the attention is indefioite, and the preparation for the stimulus incoin- 
I plete; the most that the subject knows is the sense department, 
or the range of variation of the imi>tessions from which the iiUtJatoiy 
stimulus will be selected. When we find, therefore, that the cognition 
time is from 30 to 500 longer than the sensorial, we have still to ask 
how much of this additional time is due to the more imperfect pre- 
paration, and how much to a parUcular act of cognition: and thctc 
is no way of obtaining an answer, (ii) Again, it is diificiilt to aee 
what the act of cognition would be, as diaiinguished from the percep- 
tion of the sense impiession which occurs in the sensorial reaction 
itself.' Distinct perception is, as a general rule, a sufBdent reason 
for the origination of definite judgments, »>.. of judgments which give 
accurate expression to the familiarity of the observer willi the per- 
ceived object; altliough tin." elTectivcness of a clearly perceived impression 
for central excitation may also be of a quite general character, and 
the judgment simply stale its familiarity without closer definition 
(5 27. 4 ff.). It follows that the only diifeience between the appre- 
hension of the sense impression in the cognition reaction and in the 
sensorial is the disposition of the reactor (usually remarked by him- 
selO to give utterance to judgments expressive of the character of the 
perceived stimulus. As this disposition must change with every change 
of impiCMuon, we cannot speak of the act of cognition as though it 
were one and the same throughotit If we attempted to determine 
its real nature, we should find tiiat it was primarily a phenomenon of 
reproduction. But the time difference between the cognition and sen- 
sorial times of a practised observer is in all probabDity referable to 
the difference of preparation, rather than to the interpolation of 
this reprotiuttory process. We have seen that the direction ofcxpec- 
lation iK the chief fector in the lime diHeteoce between the muscular 
and sensorial reaction, which is practically as large again. 

' Thr iialjr diSrirnc* 'OaX 1 can ducovH in m; own cue it > «lowvi apjtnhMnon 
cd the KCD» tmpnBimi. 
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4- (4) The same aigumcnls apply to the mcasurcmenl of 4ittrimi' 

MA»«, ss the (enn is ordinarily employed in reaction experiments 

In the discrimination reaction, any one of a limited number of impres- 

fioiu may be selected i the reactor knows their number and nature, 

bot BM which of them will be given in the particular case. Thus, we 

(hotdd tiave a discrimination reaction, if the subject knew that one 

of two definite sound* of different intensities would serve as stimulut, 

bol «as tmcerlain to which of theoi he would be requited to react 

ia each individual experiment. It ü evident that the process here 

b es»entu!l_v the same as in the ct^nition reaction. The reader shoulrl 

Boiice in iiatlicular that th«e discrimination reaction» do not imply any 

txcTCne of the sensible discrimination, as he might infer from the simt- 

laii^ of the n.-unes. Sensible discrimination would imply the nmul- 

tineoi» pre»entittion of at least two impressions, or the persistence in 

conKciomnc» of a centrally excited sensation wth which the peripheral 

m%hi be oompaied. 

What xt-e actually observe in the reactions is, again, the clear percep- 
lioa of the given Impression, and a more or less noticeable reproduc- 
tion of judgments subserving its precise definition. We do not mean 
to deny that a true dLtcriminntion reaction could be carried out. 
That would be possible if the mibjcct were required, i.g., to cognise 
the diilerence in magnitude and direction between two simultaneously 
proentcd stimuli. 

if) The eh^üi reaction pre^ppoacs a co-ordination between a 
aumber of impressions and movements; the reactor has to respond to 
the impressioa a with the movcmoot «, to the imprcaion b with the 
novcmcnt ^. etc. He docs not know which of these imprcsgnons will 
be given in the particular case. The preparation for the experiment 
is, therefore, precisely similar to the preparation for the discrimination 
reaction. And it ia indisputable that the state of expectation may 
be precisely the same in the two experiments. This is the basis of 
the aaaumption that the subtraction of the time of a discrimination 
teaction from the time of ;i choice reaction obtained under exactly 
anak^ous conditions gives the duration of the act of choice. Onli- 
Daruy, however, the necessary co-ordinations are specially pr;titL<ed; 
and expectation, despite its indefinite direction, i» not wholly free (as. 
Indeed, it is better that it should not be) from the idea of Uic indiviilual 
connections. We have spoken of this kind of preparation as astcciatht 
(cf. 3 above). It b plain that the subtraction cannot give us any 
reliable information as to the duration of the act of choice, if only 
for the rca»Mi that the precedent state of consciousness, which vc 
have found to be of 6ist importance in all reaction time experlmcnta- 
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lion S» essentially dUTcrcnt for the minuend and the subtrahend. 

5. We have now to ask whether choice itself constitutes a specific 
independent mental act. This question would seem to lake us to the 
heart of the problem of the freedom of the will, and to in^vlve an 
analysis of resolution. /.*,, of decision in face of diSerenl possibilities. 
Bat oui prcsem inquiry is really much more simple Iban appears 1 
from its foimuhtion, inasmuch as the incentives to decision, ale 
reasons for choice, in the choice reactiou are perfectly definite. Any 
oscillation between the differenl possibilities of movement — which, 
moreover, are always limited in number— must, therefore, be ascribed 
to a failure of memory, i.^., to an uncertain recollection of tlic prescribed 
co>or(lination. For a thoroughly practised subject the course of the 
choice reaction may be precisely the same with that of the sensorial : 
clear perception of the sense impression reproduces the appropriate 
movement. A very striking illustration is afl'ordcd by the playing ol 
a practised musician; the sight of tlic score calls up at once the 
corresponding movements of arm and fingers. It follows from this 
extraordinary power of practice to modify our actions that choice 
reactions in the strict sense of the word do not occur beyond the 
first beginnings of experimentation, and tlial the reaction times taken 
at difTuctit .tUigcs of practice are less comparable here than in any 
other departmuit of reaction work. Before tlie subject luu perfected 
the simple ideomotor action, however, the rapidity of which scons to 
be independent of the number of possible sense impressions and 
movements, the time of the reaction is lengthened by Üie introduction 
of tlie act of choice. The result may be explained as due («) to the 
uncerlainty of recollection, which may render it necessary that the 
judgment formulating the particular co-ordination be specially reproduced, 
and (|!) to the rivalry of a number of relatively intensive movement 
ideas, which inhibits the reproduction of the right idea. This stage of 
practice is characterised by the frequent occurrence of concomitant 
movements of the hand, on cither side of the reacting finger, and of 
erroneous reactions. It is clear that all these processes are merely 
familiar phenomena of reproduction, and that they do not constitute 
a specific act of choice, itateipolated in tlie course of the experiment, 
and separably measurable. 

6- ("0 In the aisocialion reaction, tlie prescribed movement is not 
to be executed until the given sense impression, of whose quality the 
reactor is ignorant, has repn^ducod a second idea. This form of the 
compound reaction, i.i.. presupposes a single movement and an unlimited 
number of possible sense impresaions, and consequently approaches 
the type of the cognition reaction. Hence tlie duration of the cognition 
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tcactton ix med as the subtriihend in the calculation of the 'assodalion 
liinc'. The precedent state of coiisciotuness certainly may be the same 
is both cases; but, as a general rule, the knowlcilge that he must 
Ic' *rin serve to modify the disposition of the reactor. Apart 
Ibis pos&iblc discrepancy, the association time would seeoi to 
it of the simplest interpretation of any of the subtraction times, 
as It may very well be accredited to the reproduced idea. Howet'er, 
it does Dot only represent, and docs Dot wholly represeDt, the duia- 
lioo of the reproduced idea. Some time, more or less, may ebpse 
the appe^ance of the :^cond idea in consciousness, and the 
««ment may be innervated at very difTerenl stages of its develop- 
menL ThLs would account for the great divergences in the association 
times of dilleient subject. The term 'association time', therefore, 
proves in its turn to be not free from ambiguity. 

The higher fonns of the *~omptiun(t reactions, the choice and associ- 
ation reactions, may he still further complicated. Thus we may co- 
onlinatc general categories with definite movements, and require the 
reactor to wait for the execution of a particular movement until he 
has subsumed the sense impression under a given category. 

(#) The association reaction may be extended in a simitai way 
the requirement that a Juifgmtnt be passed upon Die lepruduoion 
'aroused by tlic sense impression, before the reactiim movement i.t made. 
TheK experiments Like us into the domain of the activity of thought, 
in the itiict sen.se of the phrase, and raise a large number of inlcrcst- 
ing problems in the ^inalysts of thought processes and their conditions. 
The exact comparability of the experiments in all but the one respect 
b here, as cvcrj-whcrc, the prerequisite of the evaluation of their quanti- 
tative results. The method o{ measurement is precisely the same for 
the compound as for the simple reactions. 

ft is hardly necessary to point out the analogies which obtain between 
compound reactions and actions of out everyday expetience. Our 
iSUitude to external objects very commonly takes the form of the 
cognition or choice or association reaction. With tlie exception of the 
voluDtaiy action, wliich is an independent activity of the subject arising 
from internal incentives, there is no type of conscious movement which 
caonot be reduced to one or other kind of simple or compound reaction. 

g 71. The Principal Results of the Heasoremeat of 
Compound Reactions. 

I. Wc attempt in »bat follows to give a summary of the most 
important facts which have been brought to light by tlie measurement 
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of compound leactions. It follows from tb« discusnons of the ro(e> 
going Section that we sball lay no weight upon the abnoluie duration 
of the tim« of cognition, discrimination, etc AH our statemenO of 
leaction rapidity will be relative. The cc^ition and discrimination 
teactions may be bnidcctvd together, as tbe professed dtscriminalion 
reactions arc not strictly what their name would indicate them to b« 

« 70. 4)- 

(«) CognilMn «4^/10«*.— Different methods have been employed for 
the measurement of these times (§ 70. z). The method of reaction to 
an indefinite number of impressions with purely subjective (introspective) 
guaiaolcc is otxliiiArily termed the ti-mttli«d {yJm\A\); tbe limitation of 
reaction to definite selected impressions, which is intcodcd to serve as 
an Directive check, is the cardinal point of what is called the t- 
metkod (Donders). It is evident that the r-metbod lisclf may lake two 
düferent fonns. The subject may attain by associative preparation (§ Jq, 
2> 4) to a wholly automatic reproduction of the movement by the sense 
impression, or he may be expressly required to avoid a»oci.ition, and 
be given the choice between movement and no movement- These 
dtfTercnccB in the execution of the ciignition reaction are acctuatcly 
reßecled in tbe t^e ditTurcnces obtained. The shortest times are those 
of the c-methtKl with associative preparation; the times given by the 
■/•method are somewhat longer; and the reactions taten by the second 
form of the «-method ate longest of all. Associative practice in a 
definite conoecüon of sense imprcs^on and movement puts the cogni> 
lion times midway between those of the muscular and sensorial renc 
lions. This is not difficult to understand, when we remember that the 
pieparatiun conslils in a simultaneous expectation of sense impression 
and movement, i.e., that it is really an inteiinediale form between the 
extreme sensorial and extreme muscular dispositions. Similar transition 
forms occur in simple reactions to stimuli whose precise nature b 
known to the «ubject, and arc also characterised by a mean duration. 
Hence, for a thoroughly practised reactor this form of cognition reaction 
is in reality merely a simple reaction with mixed preparation, and the 
fact that other stimuli arc or may be presented is cither without 
influence of any lund 01 simply serves in a general way to divert tlie 
attention. 

2. The cognition reactions taken by the i/-method are on tlic 
average longer than the sensorial times. The result is probably referable 
to the influence of an indefinite direction of expectation. The further 
extension of the reaction time by the necessity of choice between 
movement and no movement is obviously due to the oscillation of 
reproduction. — The relative differences cf cognition time obtained 
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with the diflcrcnt mnlhods »ill naturally be independent of the method 
itself in the great majority of cases. Wc may, therefore, proceed to 
tzbulatc the most important results without refcrcDCC to the form of 
the method. '' 

{«) As a general rule, the cogniliou of intensilies of aensaiion occupies 
a loDgcr time thao the cognition of qualities. This result b of 
^Importance aa illustrating the lack of an absolute memory for the 
ity of Impie^ionji {% 16. 6), and the poverty of bnguagt: in 
specific nuraeü for intensive differences. Our estimation of interuiity 
is almoM idways comparative, whereits we possess an el.tboiate sjiatem 
of sjrmbub, by the help of which we are perfectly well able, within 
certain limits, to make an absolute deleiminatiim of quality. 

iß) Tlic cognition of direction (visual, tactual and auditory local- 
isation) requires a lc(s average time than the cognition of the corre- 
sponding quality or intensity (colour, strength and weakness of cutaneous 
stimubtion, tone); the cognition of distance (from our own body) by 
means of sight requires the same average time as the cognition of 
visual qualities. This result renders the time of localisation surprising!}' 
small, and it seems reasonable to make the method employed (the 
first form of the e-mcthod) at least partly lesponstble for it In all 
probability, the reaction movements enter especially easily into aüsoda- 
tive connection with definite directions in sp;ice. Nevertheless, there 
appears to be stilTicicnt ground for the inference drawn from the 
experiments that local signature cannot be interpreted as a conscious 
inteimve variation (cf. g 57. 3). The length of time required for the 
cognition of distances from our own body b fully e^cplained by the 
relativity of the determination. In this respect it resembles the cognition 
of intemity. 

(r) The cognition of dificient qualities of the same sense and of 
difparate senses increases the times of the simple reaction to the 
sam« impression/« by different increments. Thus, colours arc more 
quickly cognised than tones, pressures more quickly than tastes, high 
tones more quickly than deep tones, black more quickly than white, 
etc. It is difficult to reconcile these facts with the assumption of a 
specific act of cognition. On the other hand, they speak vctj- definitely 
for differences in the stability of the associati^'c connections. 

3. {8) The cognition of more complex impressions requires a longer 
average time than the cognition of more simple stimuli, and the 
dniation of the disaiminatioo reaction by the </-method is dependent 
^K upon the number of poivüble sense impressions. The difference 
^B betweeit simple and complex stimuli has received special attention in 
r the dumjiin of vision (le""»» word», number», pidiues). Within 
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certain limits, increased comiilti.itty of the iniliiitOT}' impression makei" 
DO dilTcTcnce to the Itnglh of the reaction: indeed, short words are 
cognised even more quicldy than single leiten, and numbers of two 
or three places hanlly less quickly than simple niimbere. A further 
increase in the number of constiltients is required to produce a distinct 
increaae of reaction time. Thix shows that the conditions of Ibe 
aensoiy apprehension of complex impressions remain the same with 
those of the apprehension of simple stimuli up to a certain point of 
complexi^, and that pracüce in the reproduction of the name of the 
complex object may cancel the advantage which the simple stimulus 
posaeases for perception. Similar conclusions may bo drawn from the 
(act that the time of the disciiinination reaction is dependent upon 
Ihe number of impresuons. This dependency is most pronounced 
where the stimuli differ in intensity: tlie conditions of reproduction 
render it exc-eeiiiiigly difficult to discriminate e^-en between three 
different inteiiMlics nf üound. But it is ;il5D observed with (]ualitativ«- 
impressioDS, when their number exceeds the number of names con- 
prised in the subject's ordinary vocabulary. 

The results which we have described and explained so far are 
wholly confirmatory of the analysis of the pre^■ious Section. Th«y 
point more particularly to the importance of reproduction, and con- 
sequently of association, for the process of cognition. As a matter 
of (act, the word 'cognition', in whatever context it b employed, 
always means the description of an experience by the help of symbols, 
which relegate it, in accordance with its essential attributes, to its 
appropriate place in the general interconnection of concepts and 
judgment» which constilute.i our system of reflection or knowledge. So 
that cognition, in its psychological significance, is simply a more or IcM 
distinct rqjroductory phenomenon (S70.j). In the present connection 
it is especially interesting to note that the efiectivcness of an impres- 
sion for central excitation may be obser\-ed in the absence of definite 
reproduced ideas or sensations from consciousness. Everyone who 
has taken part in cognition reactions will know that he may be 
positively certain of having cognised the visual or auditory impression, 
before the name which dceignates it has appeared in any form above 
the conscious limen. This lacl serves to illustrate and confirm our 
original analysis of recognition (g^ 27 ff.), 

4. (i) Choict naüioHS. — Our estimate of the relative duration of 
tliese reactions can only be based upon their comparison with cognition 
reactions L-iken by the «/-method. At the same time, the course of 
the choice reaction is very similar to the a.>i$oc!atIve preparation of 
the r>method, if practice in the prescribed co-ordinations has been 
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carried lo any greal extent. We have, therefore, a l^e number of 
actual dioice reaction!« lying between the two extremes of an automatic 
rdinaiion of kciuc impression with movement and the mediation 
of ifacir connection by a special tciiective process. It will be teadily 
nnclentood that under these conditions it is exceedingly difGctilt to 
'•umnurisc and interpret the experimental results. The following facts 
•ecBt to be well established. 

(«) The average duration of the choice reaction increases with the 
oitmber of posiible co-ordinations. Reaction with simple choice between 
two movements is only some 60 to So» longer than rcaaion with 
cpgnitioo, but the din'erenoe rises to 300 or 400« wtien the reactor 
lias to choose between ten movemenis (movements of ttie ten fingers). 
The result ii easily expired, if we may presuppose C((ual conditions 
of practice in every case. The degree of liability of reproduction and 
the quii:knesi with which it is realised by connection in the particular 
instance are certainly dependent upon the number of equidly possible 
connections,— .-uid the greater their number, the greater will be the 
inhibition or rctatd;iiic>n of the individual reproduction. 

(fi) All diS'crences in the facility and certainty of the separate 
co-ordinations are reflected in correfiponding difTerences in the rapidity 
with which tliey are brought about. The certainty of the association 
between impression and movement may be (i) originally given as n 
result of previous individual development, or (ii) consciously effected 
by prnctice, or (iti) involuntarily produced by repetition in the course 
of the experiments, (i) The first of tliese possibilities is fulfilled in 
aB cases of 'natural' co-ordination, t^., in tlie connection of printed 
'wonb with the corresfionding movements of speech, or in that of the 
numbers t to 5 with the fingers of the right hand in tlie order of 
thnmb to little linger, etc. If the spoken word is employed as the 
Kaction movement, the experiment must usually take the fonn of an 
ideomotor colligation of the perceived object and its name, and not 
of a choice between equally possible activities. It has been found that 
short words, printed upon cards and shown to the reactor, arouse the 
<aiTcsponding speech movement most quickly; that separate letters 
lequite a somewhat longer lime for their naming; and that a consider* 
ably longer time still is needed for the reproduction of the appropriate 
words by pictures and colours. The result is inteicsliitg and readily 
iatdligible. The reproduction of spoken by printed words is especially 
■direct and exceedingly common; white pictures or colours may arouse 

Ivery diOerent ideas according to the individual dispositioD of the 
Mtbject, and are by no means so univeisally reproductive of names 
as are printed words. Motco^Mtri the names for what is seen in a 
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• picture or a coluui may vary wiibin certain Umils, whereas printect 
. wotdx pvt a »i^le definite diractioa to the Kkctioo movement. 

5. Cognition leactions to the otjjects jtiat mentioned give cüffenai 
and partly coniraij' time t-alues. Coloon and pictures are cogntsod 
rather more quickly than letters and mrdt. It pbioly follows that 
the rapidity of the choice reaction b really conditioned by the stabi- 
lity and cxclusivcoen of the natural co-ordinatioDS. We ha%-c already 
noticed that short words are more quickly cognised dian s^kaiate 
letters (cf. j above). Thb shows (what is evident from other cooskl- 
cistions) that we do not read letter by letter, and that the 'woid 
method' vhkfa is now followed in clancotaiy schoob b better adapted 
to the psychological conditions of the apprefaeosioo of printed wonb 
than the older 'a, i, e method.' (ii) The connection of sense fanptessioD 
and appropriate movement is purpcäely streogthened by associative 
preparation and may, of course, be further established by more or 
IcM obvious anociattoat. (iti) Lastly, liability of reproduction is 
involuntarily and unintentionally increa^d by the rvpetitjoa of the 
experiments; so that care must be taken that definite co-ordinations 
arc not rendered 0%-crcffecti^-e by their rdati^-cly more frcqucsnt appli- 
cation, — unless, of course, the influiencc of repetition is the subject of 
the special investigation. 

(f) The same phenomena recur in the more complex choice reac- 
tions. The co'titdinatioos employed in these experimenis are those of 
defitkite categories, e^., uf five [»rls of speech or fonns of inflection, 
with a oonetpunding number of movements. The sense impression, 
^periiaps a word called out by tlie experimenter, must then be sub- 
'•amed to its appropriate cutcgury bcl'otc the co-ordination can be 
completed. The only difTcrcncc is that complication arises from 
vanatioDs in the connection of sense imprc»«on and categoijr. The 
rapidity of the connection is again dependent upon all the conditions 
which dctcnnine the permanence and strength of UabiU^ of r^vo 
duclioiL 

6. [e) Atsociatieii nacii«iu. — Reprodw-tion with all its conditions 
has played an iinjjortant part in our analysis and explanation of the 
times both of choice and of cognition. Its place in the associatioin 

' reaction, however, is somewhat dilTcient. It is there, wo to speak, 
[ embodied as a whole in the course of the eiperioient. The cognition 
' reaction times again furnish us with a basis of compaiison. The most 
important results ate as follows. 

(a) Unequivocally definite reproduction Is most quickly effected; 
ambiguously de&ned leproduclion requires a longer time; and free 
reproduction is slowest of all (§ 30. 6). The diferent degrees of timi- 
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tation are sei to the icproductory activity by its direction in a more 
or less definite channel previously to the experiment. Thus, the 
movement of ideation is unequivocally detennined when the sliinulm 
COnsitU in the title of a familiar poem, and tlie subject is asked to 
leproduce the author's name. Reproduction is equivocally detennined, 
on the other hand, when the name of a season is employed to cad 
up the name of a month which lälls within it. Free reproductions, 
in which the natuic and direction of the centrally excited processes 
are left altogether indefinite, are simply equivocally determined rcpro« 
ductioRS of the highest order; a certain limitation is still imposed upon 
the movement of ideation, by the character of the selected impression. 
Other things equal, wc may account for the rapidity of the unequi- 
vocally determined reproductions by the fact that in tlieir case the 
reproduced idea is least liable to inhibition. The more indeßnite, the 
•ess diaractetittic the centrally exciting stimulu.4, the more difficult is 
the reproduction of a completely definite idea {cf. he. cil.). Moreover, 
Uie unequivocally and equivocally determined reproductions are furllier 
AsBwled fay tlie limited number of the sense impressions and the relative 
■Concrcicncwf of expectation. 

7. f|!) Any circiunstance which sertts to increase liability of rcpro- 

)n, in accordance with the laws of centrally excited sensation, 

also to accelerate the association reaction. Hcnc« the commonest 

ideational connections, t.g., are also tLe quickest. This is perhaps the 

reason why the reproduction of the idea of a means by that of its 

«ad requites less time than that of the reverse reproduction, and the 

idea of a jwrt by that of the whole less time than that of the whole 

by that of it» part. Again, we can reproduce the name of the month 

nnmcdiately following a given month mucli more quickly than the 

tame of the next preceding month. And a large number of individual 

differences may be refencd under this rubric to difTerencea in the 

Stabilily of ;[.'(xodations in individual minds. 

ij) The rapidity of the association reaction is dependent upon the 
i^ilicance (whether accidental or as the result of education) of the 
materials of repiroduction. This is what we mean by saying tliat ideas 
stand at diScrent levels of prcpauJnas in consciousness. Tlic pre- 
paredness is influenced not only by the degree of liability of reproduction 
at ll)e moment, which is a matter of chance, but also by the conditions 
-€■( fidelity of reproduction (§ 31). Here would seem to belong the 
bet that the reproduction of the general by the particular takes less 
time than that of the particular by the general. We have referred to 
ft on more than one occasion (cf. § 27. 5, 6; § 57. 6, etc.). The 
jwinciple aJäo explains the great proportion of recollections of «mI-j 
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Hie In the mtods of elderly persons. Gallon made a collection of free 
repioductions, and found that S5 p. c. were associations of childliood 
and caily manhood, while only 15 p. c. were suggested by experiences ' 
of (he immediate past. We cannot here enter into further detail with 
regard to these expcHments, which, as the reader can sec. may be 
extended in very many directions. Wc will only mention in coiKhision 
that mor« complex (onns. obtained by the interpolation of logical or 
aesthetic judgments of the presented ideas, naturally git-e very much 
longer average limes; and that the fluctuation of subjective estimation 
and a]}preciation has led to extremely divergent detcrminaikins it.»., 
makes tlie mean variation of the times exceedingly large). 

Lilmtol«: 

R. Frlck«: VAtr piychUcke Z^iimrsstaig. Biolegiiehii CnKmJMaff, voL vHL..] 
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S. Exact : EKfirrlmimltilr UitlfrxneJkiiingtit Jtr täfach»tnt ^ytkiitJtm /V»- ' 
true. Pflajicr'» tirckiv für Pkysinl., v»l. vil.. pp. 6ot ff, 

J. von Klin uni! F. Auerbach: Die Zrildauer einfaclur fayehiiehtr Pntnte. 
Du Boi»* Arciiv /. Phyiüilogü, 1877. pp. »97 ff. 

Cf- ■ loog lenex of aperimcDUÜ [CKurche* bjr Tlich«!, Tnuucboldt, CatCdU. | 
Merkel, L. Lduge, Maniiii, ete„ la tile fkÜM. StudÜM, voll. L>viü. 
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I. The description and explanation of the facts comprised under] 
the ^miliar tcnn 'attention' <:onstilutc one of the most formidable 
diScuIties which the psychologist encounter? in the whole course of 
bb inquiry. In cerlaia psychological systems attention is regarded as 
identical with consdotisoess, and is thus made to appear susceptible 
of none but a mcuphyaical lieatnienl. But as early as the eigbteenlli I 
centory empirical psychology had awakened to the importance of a [ 
dtscnmination of Uie two concepts, and modem experimental [Mycliol<^y ' 
and pnydiophysics have laid stilt greater emphasis upon the necessity 
of their separatioD. This unity of standpoint, however, has not ledj 
to unity of explanation; and every psychologist of any indcpcndencai] 
at the present time analyses and derives attention in his own way.] 
Some reduce it to a specific class of sensations, sensations of muscuL-ir] 
contraction or of strain; othen regard it as an emotion, which exercise« I 
an especial inftuence upon the motor side of our activity. Another, 
psychophysical theory makes it the primary ofEce of attention to^ 
ninlbrce excitation in the sensory centres; and a fourth hypothc 
(^aiacterisex itn positive function as a process of inhibition. In po;>u1ar1 
tiuakiog attcritiiin, like feeling and will (§§34. i; 40- <)> is looked 
upon as a purely subjective activity, as a mode of the setTs behaviour 
in bee of external impressions. So we aresaid to 'direct' ourattentioB' 
upon something; and even when a change of direction is involuQtatiljrj 
produced, we do not relinquish our belief that it is in our own power- 
to be attentive to one thing or another. From this point of view we 
caa niidcrstand Leibniz' JdenlificatioMB the attention with the self- 
conscious a:isirailation of :in impression, or, .it he termed it, apper> 
ception. — Now we found in our tinoatideiation of feeling and will that 
popular opinion, schooled as it h:u( been by the ex]>cricnces of count- 
leas generations, contained no snuill measure of the truth. So here | 
the CDOUBOn view of attention, however defidcnl its analysis and' 
inaccutxte its method of i-xpresKion, is imdoubtcdiy worthy of psjxho- 
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logical reject. Hrnce, all tWie tlicnric» which ix>ntTadicl the verdict 
of general experience, and resolve attention into a complex of cettsin 
sensations, must be judged from the outset to potest but tittle 
probability. 

I. The first business of a careful psychological invesligatioD into the 
phcDomenon of attention is to distinguish between its manifestations 
and its conditions. We must begin by defining the nature of attention, 
as discovered by introspection. Hence the question at once arisen, 
whether we have in the process of attention something above and 
beyond the elementary conscioat contents described in the preceding 
Parts, or whether the term simply indicates a special state in which all 
thcitc contents may be presented under certain conditions. It seems 
that the second alternative is the conect one; for introspection disco* 
ven nothing really new in attention, nothing which is characteristic 
of the process as such. Those who maintain the contrary have 
nothing to allege but a sum of sensations, whifh occur just as well in 
other context«, or a change in the contents given inthestateofatten* 
tion, or a general judgment of the origin of the process, (i) Strato 
sensations, t^., are ordinary concomitants of attention, and are referred 
to in die phrases 'strained' and 'relaxed attention'; but they are 
neither neceMary constituents of attention ngr attention itself. (U) So 
again, when we find tlie increased clearness of a perception or the 
incrca-Hcd \'iviclnet(s of a «cnxation or consriout concentration upon one or 
two definite ideas, interpreted as functions of attention, wc must reply 
that while all these changes regularly appear in the attentive state, 
they are always changes in the conscious contents, and cannot be 
conceived of as separated &om ihcm. It is, therefore, altogether impos- 
sible to add all these changes together and account them a speciBc 
proceas, and to give this process the name of attention in contradistinc- 
tion to the partictilar contents. For every item in the sum proves, 
when accurately analysed, to be no more than an enhancement of 
the given attributes of sensations or ideas or of the given relatioDS 
between them, nr a limitation of their number— in a word, nothing 
more than a purely quantitative process, which may be set up in 
consciousness by other m^|^ than that of attention. The reader 
may incline to find a possa^Pxception to this statement in the ctear- 
nes» of the quality, dilTerence, etc., in the state of attenuon. For deiar- 
ne«* or distinctnKts is certainly not identical with the intensiQ' of an 
trnpression : weak stimuli may be more distinct than intenävc. Now dis* 
tinctnexs is partly referable to conditions in the sense organ (cf. themedun- 
ism of accommodation or the fovta tfnlraJit of the retina in the 
rye). But. this apart, we mean by the term simply the relatively 
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moet fovoorablc appTchension of an impression, as expressed in a 
relative ma^Timuin (a) of its discriiainability from otbci contents, and <|I) 
of Uie liability of reproduction of its attributes. It follows, of course, 
ihat clearness or diitinciiiess is not a new characicr, which can be 
detached from the partirular i:ontenIs to which ft is ascribed, and con- 
Xlituted die jirednminanl factor in attention. 

3. (ni) LaKlly, we have 3 general judgment of tlie origin ofattention in 
its description as an internal activity, concentrated in various degrees upon 
tbeparticubr idea» in consciousness. For this desiriplion only applies to 
attention, as given to introspection, on the asstimjilion that we arc able to 
perceive the internal activity as such. And this would mean, in its turn, 
that wc arc conscious of an internal activity above and beyond the contents 
upon which it is concentrate«!, and above and beyond the concomitant 
sensatiotts to which its functioning gives rise. The author is unable to 
diMOver any such distinct act of consdouances in the state of attenüve 
observation. Either a sum of organic sensations (cC the experience of 
'dSbit': g 40) has been described, and its inietpretation attempted, by this 
lenn; or ' interniil activity ' i« merely an inesact expression of the popular 
view of attention mentionc^d just now. We ^lall sec later (§ 74) diat there 
b really a very close connection between attention and organic sensa- 
tJons; but wc have already rcjcclcd the hypothesis that the two arc 
ktcDlical. In the same way. we believe that the popular view of the 
ovigin of attention Is correct; but we do not believe thai this view 
requites the assumption of a special Kimscious content, ' iutenia! ailivily ', 
or thai internal activity is <lanonstrable by intro»pection- If we con- 
sider ttiat all cbuses of comtcious contents, without diNlinction of ofig:in 
or of value, may be the object of attention, and that the alterations 
which they undergo in consequenccofaitcntionareallofonenature and 
capable of formulation in the same terms, we have no alternative but 
lo regard attention as a state of consciousness in general, — though its 
CDDditions. of course, must be sought aside from the diäcrcDi contents 
which enter into it at different times. The psychological problem of 
attention may, therefore, be stated somewhat as foRows. («) The psy- 
c^Kdog^ most describe the changes which the simple ;uid compound 
proceases of consdousness undergo in the state of attention. {§) He 
HitBt depict the secondary phenomena which ordinarily accoro[v.iny it, 
(y) And he miul tabulate the conditions which determine its appearance 
and its degree in the p.irlicular case, 

4. It is one of Wundt's services to modem psychology that he 
lias rerogniscd the unique nature and the general and fundamental 
importance of attention, and has given expression to both in h'ts 
doctrine of appert^tion. The English tusotialion psychologj-, with the 



DOCTKIXE OF STATES.- ATTENTION. 



Gcnnan an<l French schools whicJi have adopted its leneis, rcFcn all 
tbc phenomerut of conscious meotul life to the mechanics of ornsatioos 
aod ideas, and moT^or less completely ignores the significance of 
the attentive state. ^Vundt has realised that the 'having' of an idea 
is not tdcDiical wiüt its attentive experience, and that the condittons 
of attention axe not gi^-en with the iniemal and external sirniuli «-hich 
we regard as the physical counterparts of contrail}' and periphejall^J 
excited »ensations. He accordingly dialtnguühcs between jterccptiooi' 
and apperception, — the former denoting the appearance of a content 
in consciou-iness, at the instance of external and internal stimuli, the 
Utter its leception into the state of attention. Tliis accurate aDalysis 
of the facts of consciousness has been nllc^ther wrongly interpreted 
as a tnciaphysical constructjoa: Wundt's definition of apperception,! 
though recognised as different from that of Hcrbart, havin;; beeitl 
confused with Kant's transcendental appcrceptioD, or the doctrine in 
its entirety relegated to the region of puic metaphysics {g 32. 5). In tho, 
Heibaitian p&ycbology, apperception is the reception of a new impressoi 
into an already existent ideational complex, and a diälinctio» iä con- 
sequently drawn between the perception mass (the imprenion whic 
awaits reception) and the apperception mass (the receivinf ide 
The practical importance of this proce» is undoubted: it t)-pi6es 
course of every perception. At the same time, we cannot find a pla 
for the HcrbHTtian definition of apperception in our psycholofpc 
system, since it merely covers the action of äntlliar laws of associai 
and reproduction. Wundt's dcßrutlon, on the other hand, ä who)); 
adequate to the rcciuircmcnts of a systematic psychology, and we 
!^U, therefore, frequently employ hin phraseology' in what follows. 
It has the additional advantage of being more convenient and more 
precise than the other modes of expression in current use. 

5. Many writers emphasise the distinction— in what appear to ihe^ 
author to be cx:iggerated terms — between ittuibUxoA iiiUlltelttala\.laaic 
although the meanings which they attach to the two words are 
always idcntirul. Thus, some find the criterion of sensible alt«nti 
in the circumstance that an external stimulus draws attention to itself 
in virtue of some attribute or attribute», while they conceive that 
intellectual attention ori^atcs in the preference accorded to a par- 
ticular impression by the "presentation auxiliaries" or apporccpli 
masses, in the Herbartian sense. Others again, speak of seasiUa 
alteiilion when the object or coriccnt of the process consists of peri« 
plienilly excited sensations, and of intellectual attention when it 
emtirac«! centrally excited sensations.. The ßrst of these distinctions 
obviously rests upon the division uf the conditions of attention into 
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cxtonal and internal {cf. ihe paialld distinction in the sphere of 
lixliDg: § 35. 3); the second employs a difference in the character of 
the MDsatioms which form the objects or contents of attention ax the 
basis of a classification of the fnms of attention itself. On neither 
princi|)je, however, is the jtssumption of specific kinds of attention 
justiTiabl«, unless it can be shown that the process as such is csscntiatljr 
dißcrciit in the two cases. And it would seem as a matter of fact 
that the changes which contents undergo in the state of attention, and 
the nature of its concomitant phenomena, are so constant and uniform 
alike under the sensible and the intellectual rubric, that there is no 
leason for the recognition of different kinds of attention. The various 
conditions of attention will, of course, fall within the scope of our 
own inquiry (§ 75). But to *epanite the cunditioiiK firom one another 
is surely a mote conect procedure than to derive dißerent forms of 
the attention from tliem. 

Another current dislinctioii makes attention voluntary and involuntary, 
according as tlte will docs or doex not patticii'atc in ibi direction upon 
particular contents. This clatsifiottiun, agnin, is ,1 «^latsificalion bjr con> 
dilinns, though it is not the same with that discwued above. Wundl 
names the two forms aeihit and pattivt apperception; but remarks 
tlie process of attention b the same in both cases, so that the 
fioint of divergence is to be found in the character of the condi- 
tions. He supposes that passive apperception is an unequivocally 
detcnnined, and active apperception an equivocafly determined act 
of attention; i.t., (hat the sole difference between them is tliat of the 
nnmber of incentives Qi§ 30. 6; ?J. 6). We need not decide at present 
for or against the validity of the hypothesis. It i.i intimately connected 
with Wundl's belief tliat api^eri-eption and will are uttimately one 
and the same process. We may, therefore, postpone our critit-ism, 
untfl we come to inquire into tlie relations obtaining between attention 
aikd will (S 7;. 7). 
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§ 73. The Effects of ■Atlention. 

t. The first of the three problems which attention presents to 
p^ydiological investigation is a description of the changes which 
conscious contents undergo in tiic attentive state. We term these 
changes 'effects of attention', for the sake of brevity, although we 
found ourselves obliged to reject the hypothesis that they ically add 
anything new and specific lo sensations or ideas. The expression is not 
intended to arouse or to betray any theoretical prepossession as 
factors involved in the production of the state. We shall, therefore, 
employ it without hesitatiou, after this express caution to the 
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n« to confuse the conrfttiofW of »ttention (§ 75) with the changes in 
the contents attended to, which we are now to discuss. 

Wc have already spoken in various passages of the fiist and second 
Parts of the dependency upon attention of sensitivity and sennbl« 
discrimination, of liability and fidelity of reproduction, oT tlte feelings, 
of fusion and analysis, etc. (cT. §§ 5; 3J; 39; 47. etc.). Experimental 
{uychology has begtm the quantitative measurement of the decree of 
influence exerted in these different cases. The underlying is bcstt 
with very considerable difficulties, and we can hardly say that an un- 
exceptionable method has as yet been devised for the accomplif^hment 
of the desired end. In principle, of course, ttie influence of the attention 
in any given instance may be taken as the measure of its degree or 
effect. But result« obtained in this way have only a relative validity: 
{«) because we are unable accurately to determine either an absolute 
zero point or an absolute maximum of attention; (jj) because its function 
would seem to be exceedingly difTerenl in individual cases; and {/) 
because the efficacy of the means employed to diminish tlie attention 
for particular contents is very uncertain and veT>' difiicult to chedc or 
regulate. 

2. Our subjective estimate of the d^ee of attention is based partly 
upon the result adiieved under its influence by tlie activity of tliought 
or perception, and partly upon the inteiisity of the strain sensalioQS, 
which are especially apt to arise if we are continuously occupied witli 
a single topic. But the result achieved may depend upon entirely 
different conditions ; and there is no simple or necessary ptoportionality 
between the intenally of strain sensation and the degree of altentioo. 
Rccoume must Iheiefore, be had in the experimental investigation of 
attention to objective and less equivocal means of measurement. These 
are found in distracting .stimuli. The attention to a definite content 
is regarded as inversely proporliona! to the magnitude of the dblraclion, 
the quantitative gradation of which is ordinarily secured by alteration 
of the intensity or number cif the distracting stimuli. But the relation 
of the particular means of distraction to the mental disposition of the 
eitperimentcc is also of extreme im]x>rtance. Tlius, it was found in 
an examination of tlie dependency of the sensible discrimination for 
intensities of sound upon tltc d^ee of attention, that the application 
of vciy intensive electrical stimulation (the intensity was so great as 
to be painful, and as to cause tetanic contractions of tlie muscles) to 
the arm of the observer during the experiments scarcely produced any 
noticeable decrease of sensible discrimbalion, as compared with that 
shown by the rctults of experiments in which the attention was not 
distracted at all. On the other hand, the running through of a piece. 
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tiT Blllic in thought during the; comp^rismi of visual diiitanrcii waa 
SuBcient to elTect a tclutively i'onsider;ible leductiun of ^tensiblc dis- 
crininittjon. The intn>duction of a spedfic intellectual operation 
{addition, inlelligcnt reading, etc.) L« still mure dTeotual for the distfactlon J 
of sttCDlion from the observation of delinite impressions. It is clear ' 
from these iUusttationa, that the mere employment of distracting stimuli 
of a certain intensity or number is absnluiely no guarantee that a 
corresponding distraction of the attention has attu;il!y been accomplished. 
The discovery of a reliable mcaaore of the attention would appear to 
be one of the most important problems that await solution by the 
cxpcrimmtal psychology of the future, 

3. It only remains for us here to give a general statement of the 
varioa<i cffecti of attention, (i) Wc find in the first place that attention 
increases sensitivity and sensible discrimination, both in their direct 
and indirect fontti (§ 4. 6, 9). Its influence upon se:i«itiviiy has been 
determined principally in experiments upon the sensation limcn. The 
rebtively rtmall difference produced un<ii:r these rirrunistances by an 
incieascd activity of ättcntiim is certainly referable to the feet that 
the distraction employed was not very effective: for our everyday 
experience teaches us that quite considerable itiicnsitics, times and 
spaces rebound from consciousness, so to speak, without making any 
mark upon it, if the attention is intensively occupied with other 
COntentiL This is of itself sufficient evidence that we regard itx influence 
21 co-cxtensive with the apprehension of all the four sen.tation attributes. 
But we also believe, in particular, that the indirect sensitivity and 
sensible disirimitiation are always far more liable to modification \ff . 
the attention tlian the direct. A change iri the attributes and relations 
of acnsationK tlicmselves is necessarily confined within certain narrow 
limits, whereas there is haritly any restriction upon change of judgment, 
/.«., of reproduction. At the same time, wc cannot admit, — what ba.i 
often been maintained,— that a change of the former kind is wholly 
tmpoäsible. Thus, the statement that attention is incapable ol inten- 
sifyiug an impression, and that the observed change is really an increase 
of dutinctnes^ only, is contradicted by the fact that the sensation of 
a loud -tound, inattentively experienced, may seem equal (.luch, at 
kaA, is tlie autlior'i« experience) to that of a faint sound, attentively 
experienced. Agajn, it is interesting to note tlial the alteration of 
judgment by inattentive observation is always precisely the same with 
the altcraiJoQ produced by a reduction of the intensive, spatial or 
temporal values of the imprcs^ons, except that it is »omcwhat more 
uncertain (i.tf., the mean variatioD is larger). This act requires further 
invcKtigution. 



4 JO DOCTRINE OP STATES: ATTENTION. 

.). No l«ss impodant is ihc influ«Dc« of attention upon senile 
discrinuDation, whatc^-cr th« particular mcUiod einj>lu}'ed for iU deter- 
minatioa ^§ 6 S.). Here again, the effect of attenttoo can oeitainty 
be traced in both directions, upon itensatioii difTcienccs themselves 
and upon our judgiutMil about them. An exact disriimination between 
theatc two effects, though «minMitly dcsii.ihle, is at present out of the 
qiwstioi). But it Ü ncccssaiy to emphasise the extent of the influence 
of attention in this connection, in v-iew of the current tendency to 
explain all the lads of sensible discrimination without reference to it. 
There is really hardly any difference which may not pass unnoticed, 
if apperception holds aloof. At th« same time, this general condition 
most not, of caurse, be called upoa to explain any spedd set of 
experimental results. 

(2) The efiert of attention upon the indirect sensilii-ity and xduaUe 
discrimin:ition brings lu to the considenition of ibi inlltiencc upon 
liabiliiy and fidelity of reproduction. For the application of certain 
judgoicnts to sensations or sensation differences consists psychologically 
in a Tcptoduction of the names subserving these judgments by the 
contents of pcnrcption. When we remember the magnitude of Ae 
influence of attention upon rcproductory phenomena in general [§ 33. l), 
we shall £ad il difhcult to decide whethct reproduction in the state 
of inattention is possible at aH. In any case, attention produces its 
maximal effect in the reptoductory sphere. Liability of reproduction 
would »ccrn to show more marked traces of its inlluence than material 
of reproduction. But, once more, further investigation is required 
before any positive statement can be made. 

5- (3) The effect of attention upon the feelings is of a quite different 
kind (g J9. I, 2, 3). While pleasure and pain are brought far more 
vividly to consciousness by the concentration of attention upon their 
concomitant sensations, they disappear entirely when wc succeed (and 
we can only succeed for a moment) in making the feeling as such the 
object of attentive observation. This difference of result led us to 
adopt a particular interpretation of the feelings,— that which they 
receive in Wundl's theory (§ 41. 8, 9}. The feelings, therefore, form 
an exception to oui genera] rule of the effect of attention upon conscious 
contents (g 72. 3). All the 'changes', in the strict sense of the terni, 
which consdous contents undergo in the slate of attention presupprise 
its concentration upon seuKitions or sensiLtion complexes or their 
interrelations. But the feelings are the products of the interaction of 
contents and attention. 

{4) Wc found in our examination of fusion that attention was of 
great assistance for analysis. Indeed, the singUng out of a tone from 
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a simple or compound clang by help of the attention constitutes a 
fundamental experiment in the cog;nition of auditory complexity (§ 47. 
6. 7)- (5) And we meet with quite similar phenomena in Uie »phete 
of spatial and lempunil colligation. Thus the perception of certain 
details of a picture or a melody '& one i)f the most familiai functions 
of the attention. In all these cases, consciousness undergoes the 
characteHsltc change which we term conctnlration, 3 more or less 
definite restriction of the attention to a certain number of contents. 
Wliat hu been called the namwnett of coDsdousrtess (cf. § 66. 4) is 
essentially conditioned by the inability of apperception to comprehend 
aay considciahic number of discriminabic contents at one time. 

b. It is plainly this peculiarity of the attention which has led to 
Wundt's metaphorical distinction of a conscious fixation point and 
field of regard. The apperception of a content is its appearance at 
the fixation point of consdousnesa; the perception of an impression 
is its appearance in the conscious Geld of regard. The metaphor is 
nggesled by the constant relation of fixation point and attention In 
the field of vision (§ 58. 8). Wundt does not mean, of couise, that 
apfMEoeptton is restricted to a single object, still less to a single 
conscious clement. The narron-ness of consciousness has a certain, 
if limited, range of variation. 

An attempt has been made to determine the number of impressions 
^ich arc simultaneously apprehensible by an act of visual attentioD. 
The number is dependent upon the duration, intensity and cxtcnsioD 
oi the stimuli ; but also, as can be readily understood, upon the 
interconnection of the separate impressions. This latter condition b 
ttxy difficult of elimination. It ob\^ously depends upon the liability 
of repioductioQ of a complex whole as such (§ ya. 4). Hence the 
fact that words of fnur or five letters, t^., can be appcrccived almost 
as easily as single letters simply proves that the attention may be 
concertlrated upon a complex almost an intensively as upon its separate 
constituents, provided always that the complex is definite and familiar 

[and, therefore, liable of reproduction in its entirety. On the other 
hand, if the letter» presented together do not 'make sense ', i.t., if the 
liabtliiy of reproduction of each separate impression is approximately 
eqnal and the complex has hardly any %-alue of its own as an incentive 
to reproduction, the number of letters which can be simultaneously 
appciteived in the time required for the apperception of a single 
impre9i»on is reduced to two. Again, if w« have had some practice 
in the analysis of chords, we find it comparatively easy to pass an 
accurate judgment upon the particular tones or clangs whkh they 
conlain. Here too, the total impression has become associated wjth 
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2 knowledge of iho elements which arc required Tor its productkm; 
the jiulgment is not based upon an equal disttibutioo of appetceptioo 
to all the individual constituents of the chord. So that if the degree 
of concentration of tlie alienlion is to be meastiied by llie nuntbcr 
of contents upon which it is directed, care must be taken to »elect 
tmprenions which are equally liable of reproduction and whose juxta- 
position does not give rise to a complex which may reproduce or be 
ccpioduced as such. Our piindpat critevion of concentration in every- 
day life, howc^'er, is tlie relative inaccessibility of consdou»ncss to 
othe? ideas than those which are placed directly at the conscious 
fixation point. Abstntmmdtdnat, t>., is «Imply a sign of intensive 
concentration. 

7. Lastly, wc have to consider the influence of attention upon the 
lempoial course of conscious contents, (u) The quickness wiili wliich 
an Impression is perceived is proportional to the concentration of 
expectation, of voluntary attention upon it. We have already had 
many illustrations of this rule ß 66). If a vbiual and an atiditory 
impression are given simultaneously, the visual sensatioo normally comes 
later, owing to peripheral coiidilions; bnt its reianlation may be more 
than counterbalanced under cettain ciicuinstanoo by the preference 
accorded to it by apperception, ifi) The rapidity of reaction ia essen- 
tially dependent upon the direction of the picparaior)' aticniion. Here 
again, it is in reproduction that the cffea of aiteniion is manifeslett. 

After this hasty survey of the effects of apperception, we may 
attempt a brief summary of the more important phenomena. It 
must be admitted that the clement of hypothesis cannot be whody 
eliminated. But it seems proper— the feelings being ruled out, for 
reasons already given— to distitiguish between a change of sensations 
and sensation attributes and a change of tlieir repiroductury activity. 
AU the effects of attention appear to fall under one or other of tliese 
rubrics. Its principal function in the former case is that of intensUi- 
catlon, in tlie latter that of increase of liability of reproduction. This 
statement must not, however, be interpreted to mean that attention is 
n creative principle, capable of increasing the intensity of given sen- 
sations by a certain definite amount, or of qualifying them for repro- 
ductory functions to which they would otherwise be inadequate. Tlie 
deiennination of cither kin<l of change is purely relative; and the 
result is, therefore, necessarily ambiguous. That is to say, the facts 
n»y be explained on the theory that apperception simply removes 
obstacles which prevent the maximal functioning of the contents In 
consciousness, as well as by the assumption that It positively enlunoes 
the attributes or activities which are normally predlcabki of these 
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Contcfits. The former view gives the atlention a directly inhibitor)* 
funciion. the latter ascribes to it a direct reinforcenient of perception. 
T^te. phcROfneaa can be explained in either «ray, —except that the 
Second view le^uiie* to be supplemented by the first, whereas this 
latter [amishct of itself a comprelicnsive and uonsistent theory. Wc 
^vill postpone our decision between them to a later Section (§ 76). 



§ 74. The PheDomena which accompany Attention. 
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I. No systematic investigation into the coracomttants of attention 
as yet been instituted. The more physiological processe* which 
in the train of allcDtioQ stand in espctial need of accunte 
iipeiime:ila) obsetvation and determination. There can be no doi^ 
that a long list of involuntary bodily change« of var^'ing origin bean 
chanictcristic relation to the direction and vividness of attention, as 
docs to the course of the feelings. Wc have already mentioned 
one curious fact: that the accciciation of pulse which is connected 
itb the dominance of the feeling of pleasantness in consciousness 
when the attention is directed upon the feeling itself; and 
1 the slowing of the pulse due to unpleasantness becomes stüi 
Wire marked under similar circiunstances {§ 39. 3). 7'hc stimuli emplo}-ed 
in these experiments for the production of pleasantness and unplcas- 
aT>*nir«' were of very diffeient diaractcr, so that the results may be 
ed to possess general validity. Again, we all 'hold our brcuth' 
.en we are trying to be tuore than usually attentive. This phenomenon, 
true, is very cltxicly connected with that of listenitig, t.*., with the 
ntivc expectation of auditory impressions; and we might, therefore, 
inchncd to suppose that it simply indicated a desire to rid the car 
disturbaiKC by the sounds of expiration and inspiration. But similar 
na recur in other sense dep:irtmcnts. Wherever apperception 
rendered more than usually difficult by the faintneu or brief 
lion of the impression, or the simultaneous presentation of dis- 
iding stimoli, the observer does his best to inhibit respiration. A 
pncumograpliic investigation of this correlation showed that the breath 
always taken more quickly and less deeply when the attention 
cxdiuivcly concentrated upon definite sensations or intellectual 
,lions. The change became more apparent witli increase of effort, 
id was greatest under the influence of distracting stimuli. Another 
ät*duntaiy consequence of attentive concentration b the arrest of 
movement of the body or limbit. When we üül into a 'brown study' 
«e sbcken our pace, or even come to a sl;inil.itill. If an idea suddenly 
seizes npOD us with fiill force, we interrupt whatever movement we 
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TOXf be making, quite autüiii^tic»!!}-. All lh««e proresscs point to 
inhitütory effects, brought about by intciiüivcronccntrationol'thealtenlioii, 
upon the motor innervation of muNrlcK whose activity is tiot implied 
in the attentive act. 

}. Besides these coni»>niitant phenomena of motor inhibition, whidi 
obviously assist in securing the maximal concentrntion of the attentloB 
upon the object to which it is directed, there are others whidt possess 
the character of adjuvant processes. In the first place we m;iy men- 
tion the probable local hvpcrainiia of dchnite brain area» who«e 
activity is implied in the presence of the apperceivcd contents. 
This functional hypcra;mia, which is due to arterial dilakition, must 
certainly serve to increase the cxciiability of the region over which it 
occurs. And peripheral phenomena of the same kind have al^o been 
recorded. If we hold our attention for some time together upon a 
particular part of the skin, there arise sensations of pressure or texn- 
perature, of pricking, und even of pain, which are localised at the 
exact spot which has been the object of continued energetic and exchi- 
sivc observation. VThe su)>stiatc of these sensations might possibly be 
looked for in the weak excitations (onsiantly set up at all parts of 
the sense organ, and now brought to consciousness by concentration 
of the attention. But it has been more plau^iibly conjectured that they 
arc correlated with the vasomotor changes which this concentration 
incidentallj' produces. In all probability the remarkable phenomena which 
have been noticed in hypnosis and. under similar conditions, in cases 
of mental 'stigmatism' should be referred to the same cause. In 
pnnciplf^ at any rate, it is not more incomprehensible or enigmatical 
that an innocent piece of paper Khould induce reddening and inflam- 
mation of the skin to which it is applied with the suggestion that it 
is sticking-plaster, or that scars should make their appearance at 
uninjured parts, than that definitely localised cutaneous sensations 
should be aroused with a far less intensive engagement of the attention. 
We should then have lo suppose that centrifugal excitations are pro- 
pagated from the sensory regions primarily concerned in the attentive 
act to the peripheral organs with which they are connected. These 
k centrifugal effects would naturally show themselves in certain sensory 

I changes, as well as in motor. The recent demonstration of the extst- 

^K cnce of centrifugal sensory paths removes the only real difficulty in 
^H the way of the hypothesis (§ Q. 9). 

^^P 3. Several trustworthy observers have stated that they are able to 

^^^ call up al will visual sensations of definite quality and of equal vivid- 
t new with those of external perception. ' These visual qualities ar« 

^^H ' I hiv* q(t«n aucoMdad iq iukin|[ cdIodh. whicb I trixl to bring rindljp to Mtndi 
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as a nile quite clciirt)^ distinguisliable from ordmaiy memorial images. 
And :i3 in i;erlain cxticmc cases they haic been Tound to give rise 
to aftei-tmugex, there can be absolutely no doubt that the peripheral 
oq^ans are concerned in their ori^ation. But the mt^chanism of the 
whole pToces« is obscure, and it U impossible lo decide between the 
vatious theoretical explanationa. Id any event, aasociatiie intcrconncc- 
tioo must be an important factor; for Üie effort to »ee a partieulai 
colour is at first upheld simply by eertiiin judgments,— spnk en, heard 
or merely ideated words, which »m adequate to excite the seiue organ 
by virtue of Üieir liability of reproduction, as r<-ini'circed by an 3]>pro> 
priate direction of tlie attention. It is clear that volunury attention 
must reap a very special advantage from the working of this mechan- 
ism. For if continued concentration of the attention gives rise to 
actual sensations, the physiological sense apparatus must obviously be 
rendered at the same time peculiarly susceptible to external impressions. 
Hence we can readily understand that vividneaa and concrcteness of ex- 
pectation constitute the most favourable conditiims of perception 1§ 5-6). 
4. Among the motor processes which subserve the concentration o( 
the attention upon a particular object, the adaptation of the sense 
organs occupies a place of especial importanoe. In a ven.- Urge number 
of eases this adaptation appears to be altogether involuntary. Tlim 
the twitcliing of the skin which has been observed io experiments 
with pressure stimuli upon the cutaneous sensibility of the blind is 
pfobably to be interpreted as a movement of adaptation, leading to a 
nore exact perception of the impression. Again, we often speak of 
'straining the ears*, when out expectation or altentioD is intensively 
directed upon auditory stimuli. It is uncertain how far the mtisclcs 
tensor lympani and siapcdiu.>i aie concerned in this state % 16. t), 
though il would seem Ihiit the tensor is strongly contracted for the 
bearing of high tone.-«. But the most familiar phenomena are those of 
ocular adaptation. Not only are binocular mo^~cment3 and positions 
appaTCStly dependent upon their serviceablcncss for attentive vision 
(j 58- S), but die mechanism of accommodation secures the moat 
fovourable conditions for attention both by voluntary and involuntary 
fiinction. Similar phenomena recur in the deputnents of taste and 
smell. The rhythmic movements of respiration, of Ute limbs and of 
the whole body, which have often been noticed as concomitants o( 
aitentJon, arc of more secondary importance. When we are listening 
to a particular rhylhni, t^., we are apt to 'keep time' by involuntary 
movement, and our apprehension »f the time relations of the stimuli» 

B*ih oat upon llw ilulMiieil licld o( vifiao. Semul uf my obicrrt** !s the «iperinHrt« 
•Incribed in ) iS. t ««tn Able to ckU d|) a^iu teaulluD* in juijr legulrcd onltr. 
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seem* [o be fadlilated by thü accfnnpanimcnl- Lastly, certain recent 
ii)ve«tig3to» have spoke» of a priJitpMiiion of the scDsiblc atlentioo, 
wfaidi ihey r^aid as partly motor and partly sensory io natnre, and 
as maoifcstcil in the form^ition of a disposition in lower centres to th« 
correct continuation of repeated movements or seosattons {cf, § 5. 7). 
This phenomenon must ccttainly be interpreted as an effect of attention 
whkh stands upon the same plane with the adaptation of Öve sense 

' CMgans. As such, il necessarily acquires consiiteiable iinportance in all 
case» where the reaction upon definite kinds or forms of movement 

, 01 sense iraprcssion tends to become automatic by continued practice. 
5. There weie two alternative tbeoties of the effects of attentioo 
(S 73' 7}> '*^ Ibere axe similar alternative theories of its concofoitsnt 
phenomena. All the motor processes of which we have spoken in this 
Section can be regLuded either as adjuvant or as inhibicocy. Ilie 
formet view finds its thief i!U|>[>ort in the direct reinforcements of tlw 
attention, whose discussion bc^ns in our second paragraph. On the 
other band, the phenomena enumerated in the fini paragraph must 
be classed as inhibitory effects, whatever ideas are entertained as to 
the nature of altentiun itself. Whether the inhibition hypothesis alone 
is adequate to the fads, or whether their explanation requires a 
combination of the two theories, can only be decided in the light o( 
intnwpcction. We shall return to the question when we attempt to 
give a theory of attention (g 76). 

With the motor concomitant phenomena are conjoined certain 
sensations, which thus constitute a characteristic factor in evcr>' process 
of alieniion. They arc for the most part strain sensations, arising 
from the adaptation of the sense organs and the position of the body 
or limbs; and they arc Indicated in the phrases 'strained' attention, 
'intent' cxpectation, etc. They form one of the chief aids in our 
subjective mcastirement of the intently of attention and expectation 
(g 73. 3); and they funiish a ^eiMory background for 'intellectual' atten- 
tion, — localised, in this case, priiKipally in tlie head (Ibrehead or baidi 
of the head). In view of tlie great variety of sources &om «hl^ they 
are derived, they must, of course, be rcgiuded not as constitutive, but 
only as consecutive characteristics of the state of attentioo. They 

I Vtand gwird over attention, so to speak, to prevent its too porsistcnt 
occupation with a single object; and their growing unpleasanmcss b 
a warning signal of excess of function in some particular part of the 
nervous system, whicli must ultünatcly prove harmful to the otganisin. 

I § 7S. The Conditloos of Attention- 

I. We must not be understood to mciui by die 'conditions' of 
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Attention the conditions of the state as such. W« use the word üimpl)' 

to denote the incentives which lead lo the appearance of pnrticulaT 

<?ontcn» in the attentive stale. The quealion which we has-e to anxwer 

Here is. ihercforc, that of the circumstances which attract the attention 

upon these paiiiculai processes. Pot attention is alwap alert and busy 

durii^; the waking hours of consciousness; it is the h^hcr court of 

consciousness, as someone has said, to which comparative!)' few of 

the processes in the lower oonaciousn^s have aci-«s.^Btit we aim 

distinguish clifTcrenl dtgrtet cif attmtiun, according to the intensity of 

its cMnoentration or the steadiness of its hold upon the various contents. 

Wc must, therefore, a« far as we can, elucidate the conditions of these 

d(^;roes of attention. 

We can distinguish two different classes of conditions, using the twin 
as defined just now: exltmal and internal cunditions. Tlie former 
consbt of different motor and sensory characters, which give a content 
tbc advantage over other contents; the latter in the affective value of 
an impression, and in its relations to phenomena either actually given 
in consciousness or contained in its past hisUir^v All these conditions 
arc primarily vahd fur tiie phenonicmoD of involuntary attention. But 
they are also uf ioflucncc upon the voluntary form of Öic procus, as 
is shown in ihc increased case or rapidity with which the attentive 
:ict is accompli.^hed undci their direction. And they enable us at the 
same time to explain the relative vividness, the greater or less degree 
«f attcDtioD in the individual case. 

I. External Conditions. 

a. (a) Malcr ConJilions. — The interest of psychologists in recent 
has largely centred in the motor procixtses, and a theory has 
been proposed which makes tltein the essential factors in attention. 
Such a view is plaiidy onesided and inadequate to the esplanatioB 
of all tlie phenomena. At tlie «une time, its elaboration has led to a 
thorough investig:itian of what we might call the expressive mov«menta 
<A attention, as well as of the motor processes which help to induce 
aoil maintain it. It is with the latter that we are concerned in the 
present connection. Wc include under the rubric of 'motor conditions* 
«very kind of predisposition of the motor apparatus, whether purposed 
accidental, for the reception of definite sense impressions. These 
\ condilions, therefore, border very cloeely upon certain of the coiKomitant 
pbcnomeDa of attention,— exire espedaDy the adaptation of the mom 
organs ($ 74). The difference is, that in the previous Section we 
meant by this 'adaptation' a motor phenomenon produced naturally, by 
way of rellex mo^xunent, or volDnlarily, by a definite attitude of 
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expectation, as a concomitant or consoquenc« of attentive perception 
whereas here it specifies a condilion of the pieferential diiectioD of Ihtf 
attention upon particular impressions. Other things C(]ua], 4^., the 
attention is more liable to be attracted by the object which accident 
or intention has brought under the motor conditions of clear vision 
(fixation and accommndalion). Some part is also jibyed by tlie position 
of the body and by other adaptive processes. It may be doubted, 
however, whether th»c motor phenomena iue really ti) be regaidod 
as a special cla» of conditions, ovci and above the sensible effects 
to which they give rise. Wc shall, perhaps, be more correct in supposing 
that they are only indirectly conducive to the apperception of particular 
contents, as determining the attributes of the contents themselves. 
3. (h) Sintory Conditiota. — Under Ibis title wc include all th 
attributes of peripherally or centrally excited sensations which give them 
an influence upon apperception, apart torn the relations which ihcy 
bear to other couteuLi simultaneously present in consciousness. The 
first to be mentioned is of a purely negative diurjcier; it consists in 
the absence of other impressions. The more coinplelcly isotated a 
sight or a sound, the more powerful is it to atttaL-t tlie attention. 
This observation must obviously be brought into connection with the 
bcls of the 'concentration' of the attention and the 'narrowness of 
CODSCiousDcss ' (g 7^. 3); and it probably gives the explanation of 
contrast effects (§ 63, 7). For an isolated visual or auditory impression 
can receive a measure of attention which b altogether impossible when 
it is accompanied or surrounded by a number of other objects of per- 
ception. And (internal relations apart) a contrast effect, which showa 
itself in :ut especial ladlity of apperception of an object standing out 
against its environment, consists simply in tlie relative isobtion of the 
]iaiticular iin]>rc*sion. — The most prominent uf the positive attributes 
it intcii.'iicy. Rc:!utively intensive impressions attract the attention, in 
all sense departments alike. It is as if the intensive stimulus 
had power to enter the magic circle which surrounds the upper con- 
sciousness- In view of the early appearance of a relation between 
intensive sense impressions and reflex movements in the course of 
individual devclopmeni, wc can hardly question its biogenetic character. 
All the equivalents of intensity have a similar influence upon apper- 
ception. Thus the attention is readily aroused by a stimulus of 
considerable extension or duration, even though it be of but slight 
intensity. Id the adult consciousness the effect of all these external 
conditions is greatly obscured by the overwhelming tm]>i»t:ince of tlie 
iatemal. Hence it can obviously be traced most directly in the mind« 
of chfldren or animals, where it is least liable to inliibition from within. 
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4. (a) Tit Affrtlive Value of ihe ImprtsttoH, — 'Intcicst' b SO CodüüldI 
a condition of tlie apjittreptidn of i\ particular conscious content that 
it has often beui idcniificd with attention itself. Hence we sometimes 
und it said that attention is simply a feeling. But as an agreeabl« 
tminesiion holds out attention as strongly as a disagreeable impression, 
from which we cannot escape, while the state of aUenlion may be the 
le in both cases, we must evidently draw a sharp line of distinction 
between it and the feelings. Moreover, 'intetest', as ordinarily 
understood, implies that it is a pleasant feeling which attmiLs the 
altention to the special content. But thete can be no question that 
an unpleasant or i>ainful siiinulus, fmm which we are unable to free 
oanehres. fotce.i its way tci the consciotis fixation point and kccpü 
die attention direitcd ujKm it. Both facts are sufficiently accounted 
fiw by their relation to the maintenance and furlhcrance of life.— It 
may be that the effect of intcnsi^ upon apperception, which wc 
mentioned above, is also explicable by its influence upon-thc feelings 
Ö 57- 6. 7). 

(A) The Rttalion c/the Impntfion to Iht Piych'>pkysi<ttl Dttpositüni. — 
This heading covets the most important conditions uf attention in the 
adult consciousness. We include under it (n) the associative relations 
of the impression to the xA^ä» alceuidy preHent in coiisciousne» ; (jQ 
lis relations to the materials of leprnduction ; and (j) the relative 
«acancy of cunsciou-sncjin. 

(«) The greater the liability of reprcjduction which an impres«on 
pOHCMC», the more readily does it alttact the atlcnlion. The catcfill 
observance of this law is one of the chief conditions of pedagogical 
(access in education and instruction. The matter to be a^imiUled 
most be brought into connection with the store of past experiences, 
whether by its similarity to what is already known 01 by some other 
incentive to rq>roduction. The whole course of thought b largely 
Ktjolated by the name principle. 

'3- Voluntary attention also makes use of thete as^ciative relations 
lor the 3p|)crce[>tion of partimtar imj>Tession,'« or ideas. And another 
tict which bclongx here is that impressions which repeat or resemble 
ideas already present in conÄ-iousiiess are csjieciatty liable to attract 
tlie attention. For as they possess an equal liability of reprndtiction 
(S 30. 10), they are very likely, other tliiiigx equal, to oust th« given 
contents from the conxiiotLs fiuition point (cC, § 69. 5). (^) tn N|>eak- 
idg of the relation of the perceived impresnon to the material» of 
reproduction, we mean that identical or timilar contenU have been 
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pTCviott>ly cx]>eitOTt<xd. and have ihi» xci up fmictioiial ditpO' 
(cf. S g. 8), wtiicli radlitatc its entry into «msciousne« and into 
th« state of attetilioa in (he particular cnse. 'Spontaneous' ideas 
(§ 3a 9, olc.) fall under this head. They come to attentioti by 
virtue of th« pctsisten« and vividness of their materials of reprodtic- 
lion. quite apart from any other attributes or relations. Kfore 
important is the fact that the power of a centrally escitod seosa- 
lion to attract the attention va-ries with the level of piepaiedness 
(5S 3t. 3; 71. 7) to which it has be«n raised by ita psychophysical 
disposition. This explains why it is that we can single out an ovcrtoi 
in a clang with expecial facility after we have previously beard it 
isolatioo ; or that the tiistnlogivi find.« in his jnepiu^ilion a number 
intcrcstii^ details which ulcogcthcr escape the uTi.skilied eye, etc. T! 
rule otn atoo be pressed into the service of the voluntary attention, 
as when wc arouse the materiaU n( reproduction of an expected 
impression as intensively as possihic, i.*., t:use them to the highest 
possible level of pcparcdness. The time required for this maxima 
preparedness in simple cases appears to be approximately constant^— 
It has been found in reaction experiments, and in special invcslii^H 
gations into the dependency of attention upon time internal, to be 2 
to 2'5 sees. (S (x). 5). (y) The relative vacancy of consciousness 
a pendant to the absence of rival stimuli, cited under the head 
external (-oiidiiions. Th« less occupied attention is at the momcn' 
the more likcJihood will there be of the ^ipperception of the tmpressioi 
All these internal conditions combine and conflict with the external 
in the most various way?. Rut it is owing to the relati^'e preponderBncc 
of the internal, that distracting stimuli, at least as employed hitherto. 
do not afford a reliable measure of the degree of attention (§ 73. 2). 
y' 6. It would seem that the st&te of attention cannot be prolonged 
beyond a certain time limit It is 3 matter of common experience 
that if an apperceived stimulus persi.tts for any length of time, oor 
susceptibility to it soon becomes blunted. Quantitative expression has 
been ^\tx\ tn the time relations of attention in a number of experimental 
n^»carchc,s. These have always employed the »limiilu.* or difference 
limen, since in their case decrease of excitability must mcnn disappearance 
of impression or difference* and can thus be most easily remaned. 
The results are exceedingly interesting. It is found that if attentive 
observation is prolonj>ed beyond the ßisi dij^appcaranc« of the stim- 
ulus or stimulus difference, there is a rcttun of tt to coiuciousnefts; 
this is again followed by disappearance, and so on,~~noticeablencSB 
alternating with unnotireableness as l<mg as the experiment is continued. 
In some cases the phenomenon is approximately periodic, ia., apftear^ 



I 



} t6. TBE THEORY OF ATTENTION. 



<4t 




aioe and dUappearanc« succeed each othci at approximatety equal 
nucTvab of time; but ordinarily tttcrc is no evidence o\ periodig jy . 
The phSDOinena recur in dtffcicnt sense dcpartmenU, and may also 
be observed when apperception is continuously directed upon ccntralh- 
exdted seosationa. Hence it is probable that they are due to central 
aad not h> peripheral causes. The observer's belief that the degree 
and direction of his Attention leraain unchanged throughout the cxpcri- 
ncntal seriis can hardly be taken as a decisive argument (o the 
irsr}-. MuTeu%-er, the central hypothesis is confirmed by the ob- 
ion that the experimentce can discriminatt- very pnsitively between 
mbjeirtive dix;ip|jeaT3ii(^c of a persistent stimulus and its objective 
cessation. The rhythm of respiration docs not appear to exert any 
considerable inSucncc upon these fltiiiuaiioia 0/ lit attittiien. as they 
Bic talleil; ami the changes of accommodation and eye movements, 
which have been made rcspi>n5iblc for their origination in the sphere 
of rision, arc in all probabUity of merely sccondarj- importance. It is 
banJIy poNiible, as things are, to give an adequate theory of the 
pfacoomena. It seems reasonable to suppose thai the exclusive di- 
tectton of the attention at a constant inicnsiiy upon a partknbr 
impression cannot be maintained for any length of time, owing to the 
necessary inhibition of the other contents which are crowding in upon 
consciousness; and that it is, therefore, inierrupted by intervals, in 
which the inhibited processes aecoie some measure of recognition. 
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The explication of the special conditions under which a content 
enters into the state of attention does not carry with it the deteraii- 
nation of the essential factors in attention itself. In the forc^ing 
Section we assumed that there was a general difference between the 
conscious fixation point and Aeld of regard (§ 73. 6) ; but we made 
no attempt to explain It. It is conceivable, of course, that attention 
b nothing else than an increased intensity of sensation; and (his view 
has actually been held, more especially by the English psychologists. 
But it» refutation does not require many words, (a) According to 
Weber's law, the absolute diiference timen of intensive sensations b 
greater than that of weaker. If attention consisted in an iitcreased 
btcnKity of sensation, therefore, the al»oIutc senstbte discrimination 
would be le« at a high d^ee of attention than it is at a lower 
degree or in the state of complete inattention. The facts are absolutely 
opposed to this conclusion. (^ Moreover, it is a matter of familiar 
ocpericnce that the vividness or dc^ce of attention ts itself capable of 
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Lfluatititative gradalioit, and ih»l (he dilTcTcnccs may be disiii^[QMMI 
EfrmD dilTcrcnces i» the itttensity of sensations, (y) Lastly, while we Eneljr 
admit that contents are reully inlennfied in the slate of attention, we have 
^rcady pointed »ui (^ 73) that the intensive change is only posuble within 
certain narrow limits, and is not adequate to explain the puaage from 
unnotircälilcness to itx Htihjective antitheidt, noticeuMeuess. Indeed, it 
■ may be vii<l in general, that any mere »tatemeiil of the changes pro- I 
Muccd by apperception, and of the empirii'al condition! under which ' 
a content is appcrccivcd, (ail^ to explain two CMcntial facts: that the 
iDlemal conditions, though very much less intensive for consciousness, 
exercise so preponderant an influence upon apperception; and that inhi- 
Uiition oT motor and sensary processes may be so complete and &r 
neadung. 

2. A nother re cent theory o f attention, crf^ which Ribot_b_Ae prin- 
cipal rcprcsentativc^diatiDGiuishcs 'spontaneous' from voluntary attention, I 
as the gcnclitally cailieäl form of the attentive stale. Thia rudimcniai^^ 
attention h the outcume of the natural impulses and desires; and 
its essential dements are the motor processes which we dealt with in 
DIU Section ujvm cone omllaiit phenomena (g 74). ' In a woird. the 
aituiilioii Lt simply an emotive state tran-il:ilr-i) into term« of motor 
energy." The voluntary fomi does not diScr in l(ind Irom the spoo- 
tfinmüs: it is simply later in the order of development, and depends 
u(K>n the emotions or impulses acquirefl by education. It is a 'sodi 
togirnl phenomenon', developed by the needs and exiscnciea of 
Efe. It is plain that the distinction is dißcrent from that of voJimtary 
I and involuntary attention discussed above (§ 72. 5). Apart from this, 
Ehowcvcr, the theory attaches far too much importance to accidental 
■conditions and secondary phenomena. 'Emotion' means in it what 
"wc have termed the 'affective value' of the impreiisiun (J 75. 4). Wc 
do not, of couRc, dispute the influence of this factor; but we are 
unable to undcr«I;uul how Ribot can make it the exclusive anci uHimat« 
condition of the state »f attention. The ira]]ort3noe_ of_the .motof 
phenomena is also «xaggctatcd by the theory. As a matter of bet 
they arc cither *imply exptc*ö*-c movements, of generic or individual 
dc^'etopmcnt, on the s;un« level with the analogous processes in cmodo^ 
and impulse; iir they »erv« a »uboidinate purpose, as reinforcing or 
maintaining the ch;ing« set up by l!ic attention. And lastly, it is 
dißioitt to sec hew wc should distinguish a phenomenon of impulsive, 
or emotive exjires-'ion from the process of attention, if these (actors 
were the sole criteria of difFcrcnce, Ribot, it is true, makes the further 
slatemcnl that monoidcism, a characteristic intellectual process wliich 
fcCoTTcsponds to what wc have called 'concentration' (§ 73- ^ is the 
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^trtntia of attention. But if thü shows that he realbes tliat atlcntioo 
s not simply emotion or movement, it thiours his failtue to provide a 
teal ihcor)- of its origin into stOI stiongei relief. 

3. An cxplan<ition of the attention in purcl)' psychological temS) 
9DCh as has been attempted, t^., by Heibart, obliges its adherents to 
asaibe a dctcnnining influence to the unconsdous as a psychical 
ptoceK, if not to make it the one primal fun-e in mind. For there 
can be no doubt thai the moat ciacivti^l <-nit(Iiiiütut of the urigin and 
maintenance of altenlion mu.it be sought outside of cansciouxness. 
The evidence on this point Ls overwhelming. iThe force of the atlciition 
is wholly unintelligible on any other hypothesis; it is a frc<iufnt 
eilicrieiKe iluit the incentive to the preference of a content t^ ajiper- 
(Cption docs not come to consciousness; and individual variation of 
the caparity of attention in normal subjccts^es well as the differences 
observ-ed in pathological cases, put the assumption of dcßnitc physi<^ 
logical conditions of a central character beyond the range of question. 
We cannot derive apperception itself from any of the conditions, 
known or assumed, of tlic origination and determination of seDs.i(ton3 
or ideas. For the characien.itic düTeiences of attention dUplaycd by 
dÜterent individuaU and in different forms of m«ntal dKte.iie appear 
Id be in a certain measure independent of Ih^ peripheral or central 
excitations which we look upon as the condilions of sensation, tdiols 
and dements, *^., show an abnormal weakness of attention in all 
directions, a general incapacity of concentration and insuscef>tiUlitr 
to external and internal stimuli. In other <-;Lse^ consdousness is 
always in a ferment of change,— ideas come and go In inextricable 
CMtltuiun. and the patient has no power to direct his thou^ihts or 
reflate his actions. This state takes on its mont pronoimccd form 
in delirium and mania; but it also occur« in a less narked de^pree fat 
mibcdiity. Indeed, it is the difference in the attitude of altentitin 
which has led to the distinction of imbecility from idiocyj a» a special 
type of mental diiea<e. Lastly, we have instances of abnormality of 
attention in the shape of an insistence of particular contents, which 
have practicaUy undisturbed po>sc^-iion of the conscious 5xation point. 
Hypochondria, melancholia, and the wcll-dcfincd illusions of patanoia, 
furnish üimitiar illustrations of the pathological corK:cntrat)on of the 
aueniJon upon a single object. As all these phenomena are com- 
patible 'with the utmost variety of mental furniture, and there is no 
necessary interference with the ordinary conditions of ideation, peripheral 
and central, wc cannot resist the cxHtctuaon that they must be rcfetred 
to some specific cause. 

4. The fiist systematic investigation in which the necessity of a 
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spcdal psychophysioü theory of Ute attention is recognised was canieä 
out by C. B. Müller. Ac«:or<ling to Müller thejinKcss of atleatAon 
consists primarily ■'^ ^ cenrftmensory letafbicement of peripherally exciUd 
or centrally prepared scnsaüonii or ideai^ It is not clear whence fBb 
■ttaftneänent is derived; but it serves dthcr to intennfy a present 
exdtatioa or to increase the <UspOEitioD or preparedncts for a futtirc 
or expected excitation. It may perhaps be conjcrturcd that a specbd 
central organ is the centre of the reinforcing influence. Bui apart from 
the indefinilcness which attaches to this particular point, the question 
arises whether a reinforcement, i,*., a positive alteration, is really to 
be regarded as the fundamental phenomenon in attention ; and it is a 
strong objection lo Mullet's theory that it fails to discus«, what is 
certainly not less important, the phenottenon of inhibition. Wc have 
had occasion lo remark in more than one connection that the changes 
vhkh conscious contents uiider^go in the state of attention, and the 
motor phenomena which folUiw in itx train, admit of two interpretations, 
one of which accredits attention with functions both of reinforcement 
and mhibition, wtiile the other attempts to explain all the facts in 
terms of inhibition alone (^ 75. 7 ; 74. 5). On the former view the 
sensory and motor changes which we find in attcntian c.annot be wholly 
derived from the nalt^ and attributes of the contents themselves. On 
the latter, the peripheral and central excitations and their reliftioiu, il 
they can secure free and unimpeded recognition in consciousnen, 
produce all the phenomena which chatacterisc the state of attcntioD, 
of their own power and by their own taws; and the function of apper- 
ception conusts simply in the suppression of competitive activities. The« 
seems to be no vahd objection to this second hypothesis, whkh is 
certainly the simpler of the two; and we may, therefore, follow it in 
regarding the psychoph ysic.-il process In attention as a process of inhi- 
bitiim. The phenomena of voluntiiry attention might, perhaps, be cited 
in favour of the aliemalive position. For there, il may be urged, w« 
surely find a posilivc preference aircorded to particular contents, — 
everything is prepared on the xensury ^de for the rmtherance of their 
underlying excitations, and motor wrrriiigenienw are exprcaly made to 
facilitate the reception of the expected impressions. Bui it will hardly 
be supposed that this motor adjustment has not originated by way of 
associative co-cxcitation ; and it will hardly be denied that expectation, 
even when voluntary and definitely directed, has been determined by 
incentives to reproduction. There seems no reason, thcFcforei for the 
assumption that the associative relations, which arc certainly involved 
in vo1untai>' attention, are not able of themscl^'cs to produce all the 
observed effects. 
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5. If wc combine the view that the func^ons of Üic atlCDtkuL.^ 
require the existence of a specific central otgan with the hypothecs 
that all these fonctioas may be regarded as inhibiloi>' processes, we 
obtain Wundt's theory of apperception in its most recent fonnulatloD. 
Since a weakening of the attention implies a weakening of the iotelli« 
gcDC«, and intellectual dcrangemcat ia correlated for the most part with 
an al)nr>nn:il suite of the frontal lobes. Wundt conjecluies that the 
Kttpta of :i]>iiL-ri:e[itioii haa »a seat in Uie frontal area of the ccrdiiiJ 
^nvtcx. The theory buds further support in the growing importance 
of the frontal brain as we rise higher in the .scale »f organic evolution, 
and in Üic fact that tl stands in anatomind connection not only with 
aU the sensory centres of the cerc^bial cortex, but also with the mot'>r 
region, and with the central organ which ranbt next below the cortex in 
general importance, the thalamus opticus. No other part of the brain can 
lay claim to such universal significance. And so far, physiolc^cal investi- 
Ifation has not resulted in the ascription of any special fimction to the 
frontal lobes. On the other hand, there is strong physiological evidence 
of inhibitory processes, originated in a supreme central organ : evidence 
•vhich long ago led to the hypothesis that the will is an organ of 
■inhibition. It is true Üiat the mechanism of the intcrconnectioD of all 
these diRcrent centres is at present capable of n» more than schematic 
representation. But the impi>rtanl poiivt Lh, tltat the \t\f^ nf a^ »hyui- 
otogca l. functional inhibition m nothing new or una»ual ; that »inilar 
kJeas of the inellicacy of certain petiphcnil or central excitations an 
suggested by the phenomena of mental dca^css and mental blind 
01 37. 7); and that there is no difSculty in imagining the process of 
jnhibition traiu^ated into physical and chemical terms. 
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S 77. Will and Self-consciousness. 

I. It h uMial to ildt-ribe tlie activity of will as txitma/ or inlenial, 
according as its aim or result is a bodily movement or a change in 
the course of ideation. Will, /.«., is rcgiirded as a subjective power or 
npadt}' to cxcriwc a determining influence upon Cun.«ciou.t processes ot J 
movements of the body. It i« plain üiat a capacity of ihl<i kind need* 
not be conscious- A t the »imc lime, we do not ordinarily »peak of ' will ', 
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«ii»|)t when we may iiNsuine llial there is consdousness at least of 
the result of its activity. Indeed, it is this fact of consciousness of 
the result which fiimishes the chier ground of distinction between 
volnntaiy action and automatic or reflex movement. Some psycholo- 
gists maintain, however, that the i?apaciiy as such, the power by which 
the willed result is achieved, is a conscious process. Such a view b 
more espcciaDy suggested by the phenomenon of choice: and hcDce 
wc find »ill tcgaided as a selective activity, which decides or resolve» 
tq)OQ some one of various possibilities. There Üius arises the further 
distiDctioD of selective and impulsive action. Impulsive action fol- 
lows directly at the hcst of a dominant incentive : but the characteristic 
power of the will is manifested only when a number of actioii.t are 
vugguted by reasons of equal weight, and a dectsian muät be made 
in favour of one particular course. L.-LStly, the di»~ussion of the wilt 
is rendered still more com]ili<:ated by the question whetlicr the process 
of internal or external voluiitiiry action anj-uhere contains a tbitd 
qualitatively irreducible element, a specific 'voluntary act', in addition 
to the familiar contents ol sensation and feeling, the elementary 
nature of which is universally admitted. 

2. I'his last question m^)' be ruled out of our present inquiry ■; 
without hesitation, as wc have devoted a previous Section to its answer 
(§ 40), It will be remembered also that when wo were speaking of 
choice in connection with reaction limes (§ 70. 5) we found no reason 
to postulate a specific conscious aa to account for it. There is, it 
vf, true, one great difference between the choice reaction and tlie 
selective actions of our practical experience. The reaction movements 
dcperul upon an equal number of simple and well defined conditions; 
while choice, as an experience of ordinary life, and an experience 
which not seldom involves dislressing anxiety, either requires a certain 
amount of reflection, or is partially ticteniiined by unconscious incentives. 
But rcfiecticjn, psychologically considered, is nothing else than a more 
or less complicated series of reproductions, associalively originated, and 
possibly abbreviated by the exclusion of intermediary terms (g 31. 6). 
We have already had a primitive instance of it in one of the complex 
forms of choice reaction (§g 70. 6; 71. 5). Moreover, the co-opetation 
of unconscious mcentives to reproduction is nothing unusual; it is oflen 
appealed to, t.g., as an explanation of spontaneous ideas (cf. S 39- 2). 
So thai the differences between the act of choice in common life and 
the choice of the compoimd reaction experiment are not such as to 
necessitate the hypotbeüs thai decision or selection is a new and 
qualitatively ineducible process. And, consequently, there seems to 
be no reason for the identification of will with choice, '>r of voluntary 
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with seledi^'e action. Hence we may say in conclusion, thAt as the 
incentives to voluntary aclivily nuiy be of exceedingly different kinds, 
and as any other internal oi citcrnal change may be set up at the 
tostance of conscious or unconscioxis inceniivc«, tlie one phenomenon 
which b charactemtic of will iH the conaciuusne.ts of the result, the 
end or täsa, of its activity. 

i- This hy]v>ihe*is iiowcver, seems lo require further and more 
Accurate definition. For wc may be conscious of the results of an 
action, though wc have neither the power nor the wül to contribute 
anytliing to it» excrulion. Wc will accordingly dcßac voluntary action 
ax the interna! or external activity of a subject which is condiiiooed and 
«uslaioed by the conscious idea of its result. This idea, UJce ever>- form of 
expectation, may be more or 1cm determinate; »>.. we may ideate the 
result quite conaetcly and unequivocally, or in a more suggestive and 
general way, which simply outlines the sphere of activity by which it 
can be attained. We have an cxpeclation of the latter kind in equi- 
vocally determined association reaction!« {§ 71. 6). W« do not knou- 
what stimulus will actually be given in the imlividual caxe, but we 
have had naiued Ui tu snme general category under whic-li it will f^ill 
or within which its rcproduclor)' effect is to be confined. So, too, 
when wc arc trying 10 remember an occurrence, or arc meditating 
over a problem, the conditions arc often the same,— the result of the 
iDlemal activity of the will is given only in the abstract. And similar 
differences in the dcfmitene.'is of the idea of the result may be traced 
in cases of external voluntary action. 

These considerations help us to answer the question of a psychological 
content of will, >>., of what will appears to be in iniroipeclive analysis 
Ö J2- 5)- Tlie idea of the result, which is so important ;is exercising 
a regulative and detenninative influence upon the course of repr<:)duction 
or the execution of co-ordinated movements, can only be regarded as 
an apperccived content Hence, the internal and external voluntary 
actions diflT« simply in the special quality of the idea of their end, 
and of the processes which follow in its train. We speak of an 
external voluntar}' action, when the object of apperception is an idea 
of movement. This rclaüon of will to apperception serves at the same 
time (o explain the 'power' which is ordinarily attributed to it (cC 1 
above). 

4. The internal voluntary action b most familiar lo us in the fonn 
of thought. Here again we find an antici[)iitory apperception, which 
covers a more or less exleruive circle of individual reproductions, and 
differs from a group of acddentil incentives to reproduction only tn 
ihe consi.ttency with whidi all ideas outside the circle are chocked 
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or suppfcstod. Wtmdl has made (his diffciencc ihe ground of dts* 
,tiiictioDbMwMiia3Sodativeandappc[ccpiivccoiiDectioD§(§^ 29. i; 42, t>). 
ussodative connections aic fonned by the contents themselves, appa- 
IceptloQ being cooccmed nieiely in its passive fonn : appcrixptivc 
{■ocxuiectlons imply the co^operalioo of the active apperccpiion, whidi 
ads upon the peripheially or centrally excited sensations by way of 
conne<:tion 01 of disjunction. This distinction is intimately connected 
with Wiiiidt's discriininiiliun of passive and active apperception which 
we have noticed above (§ 72. 5). Passive npperception i« unequivocally, 
active apperception is cquivocttly detennined. Now there con be m» 
doubt that the apperceptive connection may be due to incentives 
which find but hagmentary representation in consdoiisnr«, i.t., which 
aie determined by character, habit, mood, and other rcsult^int inllucnccs 
of the whole of the past course of individual development. But «"c 
can discover no good reason for regarding it as a really new foim 
of connection, as incapable of subsuniption (at least in principle) to 
the familiar laws of teproductioo. Thought would seem to be dttfer- 
entialcd Crom the automatic interplay of ideas not by the appearance 
ol a specific kind of connection, but simply by the fact that antici- 
patory apperceptions assume the conduct of the course of ideation. 
Wundt himself sees no essential dilference between the uncquivocaily 
and etiuivucally determined apperception in external v(duntary action; 
and we <:art find no justification, for its assumption in the domain of 
intcrnul voluntary activity. 

5. We can touch but lighüy here upon the vexed question of the 
lieedcim of ttie will. The problem centres round two points : the ^t 
that wc can decide between poKibititics, when the various incentives 
are apparently of equal strength; and the judgment, which follows 
upon decision, that we could have decided otherwise than we actualty 
did. The fact of decision presents no great difficulty to psychological 
explanation. Wc have only to remember that the reasons which 
introspection or memory can discover for a psychophysical phenom- 
enon are but a small fraction of its actual conditions; and that, 
consequently, a decision may seem to lack incentives, or at least lo 
be inadequately conditioned, when it is not so in reality. And (be 
subsequent judgment is partly explicable in the same way, since our 
estimate of the portslbillty of an action is based upon an cxpcrienoe 
which includes theSe apparently unconditioned decisions. There is 
also the simple logical consideration that the statement of (or atgtuneni 
from) tlie possibility of a phenomervin involves nothing more than the 
statement of (or argument from) its generitl conditions ; and that 
constancy of gcDciuI conditions may very well consist with the utmost 
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nrietx of itpccial. So that the judgment is not by any means in- 
ompatible with the existence of special incentii-cs lo the process 
I fonaing the object of judgment, adequate to exclude other special 
I conditions in the particular case—The distinction between sel(-deter> 
mination and influence from without we do not regard as an estieatial 
part of the piobleoL For this distinction, which depends upon a clear 
düferentiation of the ego and the non ego, may co-exist with adequacy 
<A ooDfldous incentives ; and need not, therefore, imply any ical choice 
J sodi ai is always presupposed by the supporters of thedoctrine of freedom. 
^K & The development of self-fonseioutntit has often been depicted, 
^^ttd it* dose relation to that of will rightly emphasised. But the state has 
^^bft B »cruibte root, in the visual or tactual demarcation of the subject's 
' own body (orm the external world, which comes with the gradual 
^^ddintitalion of objects in space. Everything which can be brought 
^■iBlo connection with the visual or tactual image of the body, as its 
^Httribotc, activity, etc., is then ascribed to the self as attribute or 
^rbnction. These facts have been greatly obscured by philosophical 
^lecuiatton, which makes the self appeai as an abstract potency, 
pcadically independent in its final constitution of the sensible factor» 
concerned in its origination. But the language of daily life, attd 
a whole number of pathological derangements of self-consciousnesSt 
furnish conclusive evidence tliat the visual and tactual idea of the 
body forms one of the most eiucntial constituents in the idea of 
the self. It is not the sole constituent, of course: there is a mental 
conlenl besides the sensible. The mental content varies in character 
and importance with the cotirse of individual development, being 
largely determined by the scientific, moral and religious bcticis of the 
subject. It is on this side that self-consciousness is so closely con- 
nected with wiU. The ciperionce that we arc not wholly at the mercy 
I of external influences and impressions, but can hold oiur own against 
tbcm by choice and action, i.e., the fact of apperception or will, is 
Ode of tlie most important incentives to the differentiation of the ego 
and the non-ego. And the same fact underlies the epistcmological 
«BMiBCtion of subject and object. We have seen that this distinction, 
in the form of thetwofold dependency of experiences upon exiemaland 
iBleroal factors, funudies tlie criterion by which psychology is separated 
from itatural science (cf. g l). 

J. Vuriou.s suggestions towanls a tieory of will, along very dilFerenla 
bnes, may t<e fgund in the diOerent psychologies. As a rule, how^ 
ever, the object of investigation has been not the will as such, but 
the voluntary action,— and more particularly the external volimtary 
action. The genetic method ij most commonly followed, t./.. 





voluniaiy action is derived ftota accidental movements and their con* 
sequences. Thus a child cannot ' will ' to eat a particular kind of food, 
untU it has tasted tliis same food and executed all the movements 
which itubHerve the act of eating. Only then can it have my idea 
of a re-tult, the atl;iinroent of which necessitates its own activi^. 
This view appears in Herbail, and has found its chief modem tcpre- 
sentatives in Lol;;e and Bain. It is doubtless cortcrt in its descrip- 
tion of the origin of the mechanical connection between idea of result 
and movement; the arousal of definitely co-ordinated movements by 
an anticipatory ap|}eiceptioD implies a liability of reproduction whic^ 
can only be due to long continued practice. But it overlooks one 
essential pdin I, —apperception itself. If we do away with the inhibi- 
tory power of apperception, it is difficult to see how any single idea 
of result can lead to a voluntary action. Hence we shall prefer to 
adopt Wundi's view, which considers appercepiioo and will as ulti- 
mately one and the same function. For the characteristic energy which 
we attribute to will, the energy whidi makes it the supreme power 
in our conscious life, would seem to How from one single source, — apper- 
ception. All the peculiar attributes of apperception are also prcdicable 
of will ; so that will, we may say, is only a special mode of manifestaticm 
of apperception. The phenomena of will ate thus seen to be refeiaUe 
partly to the laws of reproduction, and partly to apperception. 
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§ 78- Sleep and Dreams. Hypnosis. 

I. Consciousness docs not present a continuous series of contents, 
but is always intcrmptcd at more or less regular intervals; and an 
experience once liad is relegated, on the cessation of external or 
internal stimulus, to the sphere of the unconscious, from which it can 
return only under certain special circumstances. Empirical psycholc 
has no occasion to endow this unconscious with any but a purelyl 
physiological eitistence. We have only found one case which seems 
to contradict the rule: the case in which an unconscious state exerts 
a perceptible influence on consciousness. But here we really have a 
conscious process, whose sole dilTerencc from the outer conscious 
processes of the time is its impossibility of separate perception. Theie 
are two connections in which these unconscious components are especially 
important: those of fusion and attention (cf. § 45. 6). Tlic consliluents 




% ;8. SLEEf AND DREAMS. 

cl the consdous field or regard in the state of attention generally form 
aa ucaoalyscd total impression; though any alteration or disappearance 
among them is remarked at once. The 'unconscious' in this sense 
is, therefore, in reality something conscious, something which contributes 
in noticeable degree to the psychical processes of the moment. It is 
asentially diffcient from the 'unconscious', in the strict meaning of the 
term, of which we can only say that it may possibly scn-c as aa incentive 
to the reproduction of the experience with which it was once correlated. 
In the process of apperception in particular, the number of unconscious 
constituenls in the total sum of incentives to reproduction may be very 
considerable. From this point of view, therefore, we may lay it down that 
the whole past history of consciou.sDes3 is implied in every mental act, 
»hue we can understand the extent of the power wielded by apperception. 

2. But apperception i.s also intermittent The stale in which con- 
sdouutesM appears to be altogether blotted out we term s/ee/>, in contra- 
dittiaction to the activity of the waking lire. The fact of sleep raises 
the question of the oonditiuns of consciousness, i.e., of tlie special 
pjtychophysical factors which determine the entrance and continuance 
of sensations and feelings in the conscious field of regard or at the 
conscious fixation point. Of these conditions we know practically 
nothing. Observations have been made upon sleeping persons; and the 
phy^ology of sleep has been investigated, and in some cases an activity of 
the brain in certain directions made out But the results obtained appear 
to be of a purely secondary character, and do not fumisJi any informa- 
tion as to Üie actual conditions of consciousness. Tliii is obviou^y due 
to the imperfect state of nervous physiology. All that we can do, tlten, 
b to mention tlie most important characters of sleep, as at present Icnown. 

The depth of sleep has ricqucntly been measured, in terms of the 
inteaiity of the impression required to produce waldng. It has been 
found to be a general law thai sleep reaches its maximal depth very 
soon (about three quarters of an hour) »Iter its induction, and then 
grows lighter by very slow degrees. It has also been observed that 
the bbod supply and, therefore, the volume of the brain arc relatively 
small in sleep, and are immediately increased by any sudden sense 
stimulus. This is confirmed by the fact thai the relative weight of 
the upper and lower parts of the body is different in sleeping and 
waking. If the body is balanced in the horizontal position in the 
waking sate, the feet fall when sleep sets in, and the inclination appears 
to be proportional to the depth of sleep. Sleep can hardly be r^arded 
SB a special instance of Üie general phenomenon of fatigue, as H is 
often impossible urtder circumstances ol extreme exhaustion. A theory 
of sleep must, therefore, include a reference to the attention, the 
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importance of which for its induction or prevention is well Iraowit. 
Tlieto is no surer means of producing sleep than to tire the atten- 
tion. The eETect would seem to con&ist in a universal reciprocal iohi- 
fajtiou of the piychophysical processes. 

3. Bui cDiiaicious piücesse» are not altogether abrogated even in 
%\eK\\ Tliey appear in the form of Jnams, and are most frequent in 
the lighter Mages of sleep, i.e., shortly before waking. Recent stutisti- 
cal observations and experimental researches have served to throw 
some light upon the origin and character of dreams. The older theo- 
ries looked upon them as the result of a spontaneous ideational acti- 
vity and attempted to wring some deep meaning from ihem by all 
manner of syml>olical explanations. The more sober methods of modern 
inquiry have traced the origin of dreams to the intensive action of 
external or internal stimuli upon definite sensory centres. All ideas 
which are not directly related to the particular excitations remain 
inhibited. This is the prindpal reason why the connection and inter- 
pretation of the dream consciousness are so essentially difTcreut Itoio 
thoüe of the ideas of the waking life. There is no will to direct and 
regulate the train of thought; and hence tlte activities of the sleeper 
whether interna! (dreaming) or external (sleep walking, t^.) possess the 
diaractcr of acd<l<;ntally incited reproductions. It is a primary symptom 
of pathological excitability that Uie dream consciousness retains the 
attributes of coherent voluntary thought It is plain that laws of the 
formation and course of the dream ideas can hardly be Uud down in 
any detail. Wc can say, however, that their vividness, i.e., the near- 
ness of their approach to halludnattons, is dependent upon the absence 
of other impressions, which might orientate or still further confuse die 
sleeping constuousness; and that there seems to be no departure ia 
dreaming from the laws of reproduction which we have found to hold 
Id the waking life. Lastly, it is a common espetience that dreams 
have but a slight effect upon the waking consciousness. This is matnJy 
due to the (aci that apperception is involved to a very slight extenlt 
if at alt, in their origination. 

4, We cannot enter here into the detailed results of dream obsei- 
vation. But we may devote a brief space to the considemiion of a 
cognate phenomenon, the practical importance of which has givea it 
a prominent place in recent scientific investigation, — tlte phenomenon 
oi iyfinotü. Regarded &om the purely physiological and psychoph)'sical 
point of view, h)'pno8i* presents so marked a resemblance in all 
essential characters to the nonnal states of sleep and dreaming, that 
theory and interpretation most certainly follow the same lines in all 
three case«. All the influences which serve to bring on sleep are also 
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adapted to ioduc« the hypnotic ataie: whether uniform and moDotonous 
sensory stimuktioQ, or a lepclition of assurance or command, It is 
the tauer kind of influence, the 'p&ychical' method of induction, which 
b DOW chiefly era]>!<iyed for hy]»DotisatioD, (a) because it ts mure 
convenient and lew tl.ingerou.s ttiiin the other, and (ß) because it paves 
the way for the subsequent reaction of the hypnolistd subject to orders 
given in the same voic^ with the same infection, etc. Tliere are 
diflerent deuces of hypnosis, varying between the lightest and the 
deepest fornvs, jnst as there arc ditfcrcnt degrees of depth of sleep. 
L^ht hypnosis icserablcs a gentle slumber; the sleeper wakes quickly 
and eajily, and reineiubers practically ever}'thing which he has e.ipcricnced 
during the continuance of the state. The deeper forms arc character- 
ised by phenomena wliidi can be but rarely observed or produced 
during sleep. The Gist of tliese phenomena is ca/aUfisy, a muscular 
ligidjty either of particular Kmbs or of the whole body. In thbt state, 
the urnis or legs remain immovable in any position in which they are 
placed, and the subject will continue for a long lime t(>gether in the 
most constrained attitude, (ii) The second is what is called sommambulitm. 
In this stag^ consciousness recovers its functions, and movements an 
performed wiüi great accuracy, but thought and action are cntJiely 
dq>endent upon the commands of the hypnotiser. 

S . To the {»ychologisi, somn»mbuliun is obviou^y the moat interesting 
of all these phr.nomcna of hypno.sis. The control which the hypnotiser 
possesses over the somnambulistic consdouaiiess b termed suggtuün. 
Recent theories of hypnosis make it the principal fector in the origi- 
oatioo and subsequent direction of the state. It is undoubtedly of 
pfimuT importance for somnambulism. Its effect may persist after the 
abtogatioa of the hj-pnotic stale, a circumstance of which advantage 
b taken in the application of hypnosis for therapeutic purposes. If 
the subject \* naturally excitable, or hat become espedally susceptible 
by lieciucnt hypnotisation, the efficacy of suggestion is practically 
unlimited. Every organic function, motor and sensor}* alike, is sub* 
jcctcd to its inHuence ; and the personal resistance which would be offered 
in the waking life by character, judgment or will gives place to an 
uDcooditional subservience to the invading power. The wildest il- 
Insiofa of sense and the most absurd actions are evoked with equal 
case, and the whole individual seems reduced to a machine, \riiich 
can only be set in motioD from outside, i.t., al the oommand of another. 
Csrious as these phenoaieau are, they have many analogaes in le» 
extreme processes of the normal consciousness. The authoritative 
influence which certain pentuiu exercise upon those around them, the 
force of peisussion, etc, are illustrations of facts of the same order 
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with Eomnambulistic <ugg«ifon, and differ fix>m it only in intensity 
and extent. The mcchanisni of M these effects is again simply the 
familiar mechanism of association and reproduction. What the theory 
of hypnosis is called upon to explain, therefore, is not the existence 
of suggestion, but simply the abnormal range and power of its influenoe. 
6. We cannot here attempt to discuss the various tbcorics of hyp- 
no^ The older view, of which Charcot was the chief rcpreseatatira, 
wa^ that only hysterical subjects were liable to fall into (he hypnotic 
state. But with the lecogntiion of the general ^gTiificaaoe of si^iges* 
tiou. It has been replaced by a more correct hypothesis {Bemheim, 
Dclboeuf, etc.), which regards everyone as hypnotisable, though not 
by any means with the same facility. The physiological conditions of 
the hypnotic state are still ob-^cure ; though here again the observation» 
make it probable that we Iiave in the first instance a decangenirnt <>r 
functional paralysis of llie organ of apperception. The will of the 
hypnotised subject takes no independent part in the actions which 
he performs. The exiiggerulion of motor and sensory activity ts 
probably to be explained by the fad that the cxcitabili^ of the 
elements which arc roused to function under the inSuencc of suggestion 
is especially great owing to the inhibition of all other exdtatoiy pro- 
cesses. Wundt speaks in this counectton of a neuro-dynanuc inter- 
action, in virtue of whicli the energy of the inactive nervous elements 
»CTfc* to reinforce the function of the active parts of the system. In 
any event, it cannot be wrong to suppose that tlie more exclusively 
predominant a psychophysical process is, the greater will be its clear* 
ncss and intensity. Looked at in this way the efhcacy of attention 
furnishes an analogy to the power of suggestion. Under normal cir- 
cumstances the attention i* hardly ever found to hold sway over a 
definite group of ideas for so long a time together. It may be that 
the phenomena which appear under the influence of suggcstioo show 
us of what it b capable, if permanently directed with complete and 
excluuve concentration upon particular contents. 



Lileraluie : 

P. Kiulntock : Schlaf Mud TVonin. 1879. 

H. ä[iittii: ßü Sthlaf- und TraumiiiitäHät der meHsehlickm Sttlt. S«ootid 
ca., 1881. 

M. Gicwln: Atit den Tiefen dci Traumlebnu. 1890. 

E. Michctwwi Unlernehungen Sbtr die Tieft des Schtafti. lB9r, 

W, Weygandt: EntttthHHg der TrJumr. 189J. 

A.M0II: Der Ifypnetismii.ScCDDitA,. 1890 (tri, in CoQlemponirySdeiier Serie»). 

W. WuDdl; UypnoriiTHHi und Siggtilten. PhÜM. Studien, voL vüupp. t S. 
PulilUbeil aeparatdy: 189s. 



INDEX OF STJBJECT& 

{The more important r^erences are indicalcd b^ itaVtciseä Hyitres). 



IbaaBlBindidna» : 43!. 

Ha, 158, sail. Ml. 

AbBlute tonii ntmorj '. Si. IDS. 

AbftrMl Hi*- K)C 

AcaDOuaoduiun : 111, 146, SSK »7. 35«. Ui, 

1». 4Mn. «41. 
IiUdb : 119. Ua. t07. *0B. 41S, «43. «Wf, 4M. 
_ H« VfllunUrr ftinin, 

Acril». Atinitrtii. ><•>. ta. aiif. 

ARit«DH< ut tMoe r JJ7r. JUl. 3«3, ^05. 37S. 

UiFuiinn: va. m, «Ar, 

iHthtlii fHiiiiK>: M ElsuuaUr} uaUiiIlc 

lAntli- KiDf : SS, tUt, tat, ait. 
AAclio prg»wi 2K. 9wr. 

Aitoc-iBie>: iiiir. I4Ü. UM. Mg, t». na. 

SM. 401. 4M, 4i:< 
JMtr-toi«*t IM Monniltl >n«-lmi(i. 
JUbt HB-tUQo : Sb. 0(. »i, *b, IWt. 3M. 
Unit: «a 
taairiiii 1*. HV. 141. Itnr. Jia, S'tl. tIK, 

ni, ses, seat. «Ht, aoir. sot, aii.sier.s»?. 

«ot. «11. «la. 43n 4jar. 

AniBul pnyrhnlvf^ i 7. 

Arhuit: JlSf. 

ApfMirptlrin : 1«. m. 114f, liltt, Wl, «13. 

«ar. 430C. 41!. tasr, 4tet. m^. ««it. 44*r. 

Kit, 4A4. 
Anaictytin cDsiiarllDiu : ItO. ISO. «48. 
AiHImiflleil mgin: 5or. 
AiUnlu MfioUlun: 14, fit. Hot, I&T, IB2, W^ 

SMf. US. S3I, »ft. 34ir. a«of. ata. 

AjkIdIMidb: », l.-nf. 140, !{]Uf, 31>^ 411«. 
AKKlibiliO: ». eiit,asiL 
tmorimov: », HI, II», ]M. im. r77. 17Tf. 
«W. 1*1. KK). viuf. ^U. .HIV. «4. U', MB, 

>», »», «w, ("T, t<>9. ti4r. «le, «isf, ««or, 

<aU «U, 4W, 444. 44SI, i^(. 
Aancliu»« coiinTotiuiii : 139. -iSO. US, 
AHtDUu: 3, t. ». Hi, 191. VI. .nf. 4.1, H, 11, 

101, lao, iss, lei, lis. iM, iM. *j/(, ns, 

Bt, IH, JXJ. tint, 3T1. VIS, 37«, S«l. 3M. 
IBl, IM, «If, 307. »7, U3, 340, SU, 351, 

MJ, »Bat. IB«. 401. va. uat. ui, 4M. 

AHnUnn: ih Flurluitinn <if 1h> iltintlim. 

Atttitiatoi f9t, isir. f>7f. 277r. 3Mf, 3;a, 3B1, 
tag, tti, int. vnt, u«, va, vm. ««o. 

AMUltn: «4. «1, 101, 1», IM, IH. 

Aaditon wiMlisBi SS. 0«, lOTf. IIW. (^ 

ait. isi. s»i sti. ;«)r, »n. «m. sim. 
ma. im. 

AadiUtf xlliDoliu: lUff, SK7. 410. 
AWM* 4(fl«r«DC« llvun: AH. 



lOSf. SflO. UT, Mt, IW, SOSf, S7G, SS*. 
BNt tBM: 2Kf. 
BUsdaMs: «■ Cslosr MladsHi. 
. ri^ebiisl UiadnaH. 



Britrfalne« •»nllini; 4tf, M, /», )J«t 18», 

i«s. KM. tost, sm, set, sw, »of, 

Cuilln»! T^g* 01 lanuUUD 1 lüO. 
Olli : *M UumfpFial vvtl. 

. . r*r«»lian otlL 
C.olnil nrtu: 8lf, «44f. 
CcclTillr u.:[t«d MMtioB : IS, «Jk «em; tnL 

Xiu, «on. 41U, tlO. not. «(A. 
C«ii1:v: *H iMx'tliHlLoq oMitr*. 
Ctialoc : 411. tIST, *t»t, M«. «41l 
Ohnr.lL llw, i7B, iSl. »t, fMi; JMf. W8. 441. 
Glrulo : iH Culuur cIidI«. 

, , Smntlott clmlaL 
Olui: HS. ;u», Xn, lSlf.Mif,S»4f.»fr.S0ir, 

SO«f, 4SI. 44IJL 
CliDE noln»! 101, /M. Wl. KUY, 1931. aaC 

31 B, 87«. 
(Mag nliilmuMpi fMt, »ML 

. f« O.lpipoUEld c^lftag. 

Cognition: «llf. 4l«f 
Cold >IK>tj H. «S, lU, SS9. 

odiiiotioii: (K, im. »7r,ANr.3n,Am;<*rr. 
csiuar : lis, m, ue, 340, M7. UT, VK, wnt. 

Culuni UlndoHt: iS», SIS, 31S. 
, olfrln: IK, »11. 
, »Dalion: JIM. JMr, ini.l«4,M0.*Mr, 

si$t. sat. ioot. «S4r. 

ColnuT ton« ; Kl, IM, 1*4, t4(^ «0«; Wt. Ml. 

a , CcimtlpiDpiiUrj t>o1«ir. 
. • FqnaamnbUJ fülmir. 

, . pFiDFipfcl OOl471^r, 

CuiuuioB fMllDR : 31. H. 140. 14«. 

, HBatlsn; IKt. m, lUTT, tW flT. 
«10, 31^ SSt. 
üompitlHni WSf. Itlft, 

, mt ^iWirnvet (oiiip«riioiL 

, a 8tlB0tlIt »D^lm. 

• « AtitDaln« ot rvmfarlHiL 

&>BplnB«llary TOlour: lis. 111. ISl. IH. IM, 

si4r. 40D, 401. 

C«ia.v1SaUeB: «■>. 817, SIMC 

CoBHiiiid flue: I0&. 110, 3Ul ttlf. IM, tM, 

XH, tM, SOir, «31. 
CBBnastnUoB (at Us lUtiiUaa): «; lU, tU, 

350, an. 4M. 4att. «at. 43«, ««s. 46«. 

0>UMiU«B (af Mudou «ImmiiU}i «Of, Mb 103, 

IM. iHf, nor. »oc swr. *oi. 

CDnQBotifln : mt AppanvpUv« ODDKiiSki, 
, a Atiofffetir« «qihGIaqj. 

ctB.ciDBRiw : tt. tn. ati. an, tn. 43t. ««3, 

44«. iSOt. 
CoBBrJoBiBHi. : *rt I>aiibU cppafton rn— , 
. . Bfnunta ot Hottir 

. , ittlf4BBHfatWIWB> 

. , DM« ot msiciata* 

CMhbumi »or. 2IS, tn, IMf. 



4» 



4S6 



tXDEX OP SCUECIE. 



.(SwlMt Mrar : £tf. I«. M «. ISL K. IM. S54. 
gU 348, MIf, a»i. 
' Btut HUMinni tM. 

, Mt Duntfltt cvnturt leDiillos. 

_ «ID» I W- 

OmtlrnltTi IM. tstl. IM. MS. 

Outwt^s«. 10Ü. vs\. iM. in^ i«£(,iai,»ie, 

IM. tn. .tJtf, «>«(. 43t. 
0«toR*«< ••uMtK.D: l«.».S4,W.«;f.«t,143f. 

»If /Mr. I'tftf. »/7f. JSa, MW. war, s**r. 

sit. 17;, IKI, 134. 
OiUbwu (likH HUH I IT. U, «6, 387, 3S7- 

DfUAW («( «iun4a tIfiaigiiuUgn); <St M. 

«a. ». n^ 10«, w, lu. 3W. 

IMifWT (of oulllnlj): Wf. «S. U. 71r. 

DfVtk: HI Um et 4*f>lb. 

DwOn : SO. «H. 3».<Hf- (t<ncli«.*U).^U,M£. 

Dnvlgeaot: II. 

DiAnua eavptriMo: 19. U. <»f. W, n, I^ 

10». ID, tH. Its, IM. 
DIAntit« dtlamiBdio« : O, üA, 8If. 68f, 1I>, 

II». IM. IKt. am. 

. ilmtn: W, £«r. C«. 7Q. lOS. 1SI,1M. 

SH, swr, 3U. am, «^i, xu, mo. 
SWnilBM Unucm Airik" '"°"'"* '*■■■«>' 

. . . Uniir diffuan» It»«», 

bjux IWM. m, Ml. 

Dincl »ailMs ilu^Tiiiiiiutltfit : Stf , Mf. U, I3f. 

Dtnel Hultiillr - M. iWf. U. TSf. 19, »S, tSB. 

. il>ioa:in;mAI9,SM.M8.H5.»4,»»K. 

SirtcUaD ItnLiiUJi M, IMV «W. MS, 3«S,SWf, 

i«a. aMC a}M, 4n. 

DInsUini of Jaitgrnimt t 83. 
DinoBfort: 141, 14». ^U. 
ninaiiDlBitiun 1 31f. 411. 4rS. «IB. 
I>]>|>u>la: ;il>n, I'M. .HVI. Mn, -HM, 41(1. 

Ulipnltiog; ;. i/, W), »IM, »».»O.l&l.ltM, 

Mt, «10. 412. 4». «Wf. 
Dinoinism *H FuDflUoul dlfbuitlon. 
DlniBiUtlon: M. IW. 140, ITOr. Illf, 40«. 
Dimu«»: tear. «M. 2M. IMr. SMt 
DIMS» 1 M. »I. Ml. JUt». «wr. Ml, iMU, VA. 

3ML UTf, sftt. M«. ai*t. ara, «OK. 404, 411. 

UltUar-tn •■ I H. «M, >«0. Nl . 41», 410, <:'4(. 4W. 
DIHiKtfdB <i>f tl» ■«•nllml: O, «0. 1M,M0. 

3Mb 381, 410, 416. (Wt, 433. 
Uo^bl* «>l14rl,]11XDnHi: ^lif. 

- eantiat »cEiAtiUD; 80. 9i9. 
. tmioi Kit. teil. 382. 

DoDMrul jadrBtnl« ! «B, T3. 
DiciD : A». tlL 4M, *ai. 
Duftliun : 4. 

DumioiiT mr. m. k. i<u. in. \w. i8t. loa. 
aos. 2nr. £30, is«, tw, aoo. 31«, sia. ask 

MS, 34«. 3M. 37Kr. MSr, tBH. SM, ««T,«00, 
40«, tost. 41». Hit, 481. 4*9. «38. 

Kn; lOlW, HBT, ITOT. 

BSürt: £U. war. 3fll. tSS, 433. 

KiticDnurjr t«thtii( ftvUDii: 230, eset. 

eiuii«nt> M toiunlDUiflMi): (f. SI, läH, üt, 

■am. int. 

KlvinHiiU: M* CDnD4«llt>D of <M!atDlom «lomtnU. 

KiDDtiun: 13:1.238, »41, xa7,s;s.uwr,3vii.itiisr. 

aiK), 401. 4 i1, f42f. 
fiiLiiiri-m: Wl. 31(1, sua 
bita mdkadi : G3, t^. All, U*. 

ot abaMntltin i W. 



, lU AkCICK «111«. 

, . TSMmtXirm «rot. 
, , I<«w of «mr. 

, Pmtabl« utol. 

. $HiM wror. 

. TbMT} gf *n«n af otatnttlsm. 
, , Tliu (mi. 

• errur : 5fL 
nlBC M. 

BxMBliIs prölHtlnBt 377. 

EigiubDiift 31. y>. Sit. ici. its.ns,M«c 
no, sMf, 38». W4f. ii7v. »a. at. tii, *a*. 

EuiUtiu«: M( Huiisal «i^iUUoB. 
. . X«ni>iii ex^luilon. 

EidttiloD : tm L«w of «iiIbjIod. 
ElprltaM Its. 381. «33. 
Eip'CUUiini Kit. M. «t. 173. CM,»/. ML 

ares. ssor. 330 saj^ sm. sat, am, «o«. 40T^ 
tilt. 41«. «11, «Bf. «nr. is«. «41 M7. 

Biporiiuco: If, 11. 33. >l«. 334. 4«, U1. 

KitflrimcnUI jDAlIiod : 8^ ipf. 33. 

KiprvHlaa i at UtibiA of virirvut&B, 

Eil>H>*> mnriwont: 141. lit, iSSl !SI. nt 
■HCl, OBI. 437. 441. 

raOiuioD: m. 34. 38, 37, »«. 1««, ItrT, ML 
■m. 3M. 3Utf, »11. 3t4f, 393, a37f. Ml, SS^ 
384. a;«. 37». SHI, 3>;, tOlf. tot, 431. 4A 

Ejii! JH BaUn*. 

. n^usnaoBti 77, ss3r,anLMa.HattK 

. mgT*iB>Dl: Itl. 123, IM, IBl. KB, MT, 
SMf. 38Tf. 301, snsr. SSiC 3TBf, «S3, «a. 

fV^uIlT 1 «rt VanUl flfuHf . 

Fill |of HBOtfoB): ISO. 111. W.S4S.S38.37L 

3*1. .1»4. SSt, 
Punlllarrlr ! t" Qnalltf cf fknlltuilf. 
Kanry; hh Imki^lntllon. 
FiLih-uii: 4». &3. 1!l. 124, 140, I«, »a. til, 

^H. «Jl. l*i. »on. Ml. 401. 410, 4S* 
F-i'lin«'> It«; 18&, 187. 
VaeWng: »If. 8«. M. «1, M. I4«f. ]e«.17l,m, 
i-lit. Vl'-lf, IM, llSf, SIH. 304f.a?(3f, aMf,MO< 
379. 4;£3. 4Ä 430. 4M, 4», «4«, «iL 
FatlJni (iif lr>v»h!: !U. 
., tm Cimman f«Uaf . 
. . Put. 

, . l*Iaki4tllBBML 

, . PIimidbl 
, , Dnplnatilnow 
Fldtlltr flf npradBclioB: IVf, CO». 411, 4»^ 

nrun: t«, £80. Ulf, 33«, SSM , SU, IV/i: Mlv 

Se:. 374. 3»;. sag. 

VliiiUiin^ »u. 1»]. .-Ml. 404, 431. tW. 
Fluctuitkc i»f Ihi (lOnllaD]; 38. K^ 0«, 191. 

MI. 
F-vtrulD«»: Mjr, 310, £isr. 
FuTEQ : ti* Plffor«. 
FcMdDB gf Ifa* Dill; «14, 4*H. 
rmiutne;: »Of, XB, HO. 979, SSI. SHt 

• rrr Mathod of PTtgnDDOT. ^ 

Prinbi^ l«^ 3e>, g£i. (iciutioB), liä, m, 

rusellgml <liip«l(l0B: «B. «40. 
PuaduBtBUI iDlnui: JIIl 133, I3T, OI. 
. UMn: «A, 71. 

tow : ;;>1 r, m». ::9i. WM. ?Mf. 30«. 
nui<.ii:Mf. It», ut. SM.n-.-r.ssof, ii'«», mot 

301. 304. KM, WS'f. SWf, 333. 371. 371. tO, 

»Ji.'f, 4Ü.". 4,1iJ(. 4J1. 
huiau : •■ Tbb>1 fsiian. 
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:ai. 

OIUImm; M«. UH, 31«. 

flailtfi» T HUkUnn ; .1&. w<f, lU. USI. Ul, UI. 

MT, 2t& SI«; tn. 111. 43S. 
BiuiBiiias: «tt M. «a, ui^ Ml. aiw. 

■illodulluii ^ IBt. tut. 

■uwrnr: HI, »S. Z§I. ffik SMf, SMt 
Bwllb: Its. IM, MM. 
a«t >poU n. «, M. »>; 
tbatvr I HI. DHL »U. an. 

■nuwU: IT, Sil. mm: 

Um: JWl M», am, »If, 4H. 4*1. 
. ot Atptlii 34. SM. 3M. «A9f. »If. SMt. 
SM vn. 
M«: M JklwbKt idA 

, , 8frHltM«U idH. 
Hnndul lt(bl: 101. liU. lU, IM. 
niaito: 11«. JWf. UZ 

, Mf Optl«l llluloa. 
!«•(•: n lfl«-iiBi(*. 
, , Dlipunlun ■luc«. 

, . iinobi» laig«. 
, , X*(tMi»»J inf». 

KueuwtiM! 1. It», no, m, Mt 
iBfuUilll}: U, 13. 40. la. 
■■■(•■•lOB : m 'nitll IwBtmtMli 

loDBiMi tat. taa. -M, XT*, tut, laei, tao. 

SI. «42, 44«. 
iDimUir* to icprodncUon : I»S, litis tsm, tSD. 

tn. »4. Jio. to». 444, tut, t»L 

Ik<IV«FMi» imlnl: GSr. ZU. MVt, l(49f, XHVf . 

HI. vui. £11. »it. mt$. 

lUimcit >iiul)il* diKrlniuUun: att. Bet. ^ 

n, M». t-n. 
iBdEnct •uitiiitr : M.m.ti. 19. ata, ts>. 

•i.iun: lis, IK IW. SM, Ml. SSS, 

M\ xi'i, JM. j>iMn: 

tnditiAittl: Sf. 

dlffftoDtw: K 44, 200, SOI, tWf. 
ail, S7S. 40K 4». 4XL. 443. 44g. 
■uuiiltuB lanikUciB; ZMf. 
iBMIBOt:»«, 

taiMritr: tat. »i^ «. wa. iiar. 111. in. i»r. 
HR 1ST, »If, an. m. snf, iw.Mc, /Mr. 
Mat; «1% tat, ear, sok ai& asa, na. mt. 
Mi. H», siat am, an, «m. «u, 391. ami. 
■wt, 40», 400, 40T. «m. 4Sitr. 4air. 4Mr. 441 1. 

iBtouil« Mtulblln*: S*. IMt. MO. 

. HOilbla ditFrimlDttloD: SI. IM, IM, 

iät.na. 

lalami (mii.l«!}: lOtC 101. SiS, SM, MH. m. 

lirr. Xlt. 301. not. 
iBtH»! (tosgunl): 111. lilft »I. tt«, 343. 

»M*. »1. leiii. »M. awn. 4in. 440. 

iBlrMpKLign: «I. isa. «48 
IttUsfK», M«. 

* * DouMful io4rni«nte. 

Jvt Mttouu«: «ir. ^r. n. im. i«i. saat, 
aio,aM.anr. nra. 

Khadbh of Vufi>a: h« Acotenaa at VIiIdb- 
KnsimiiH: m> Quilhr at tniUtUj. 

UnCBif*: #. Mt IS8. JlSf. 
L*> ot Hri>r: «I. 10. IST. 

. . eHlDilsBi sm. «4«. 

. , mint» (of II(kI*)l 11«f. 

, . trUlirltr It», K&. 

, , iBHia« taatf (imnrrli «K SVL 

- ««t rHhav^ Uv. 



1,1«: Ht WaWf^ 1». 

Utbiinr «r »VT«aar4i«i mt mm. tm. in. 
«m, 411. 41^ 4». «m. «A «ab, «M, «H. 

Uglit: ll£f. 

, »«dhUcd I sa. 

M> MlmUul Ugbt. 
. !•* of ttlllÜ«L 
UTnm: H. «*■ «». 
« of »bAiau : ^- 
, Mr Iwnf* diffdnne« Ifmtii. 
, , tHfiaaan llnsn. 
a , Lo*«r diAfHooa limiiiL. 

, «•«• lla«i. 
, , Bumqls4 Itmnn. 

• Vtpti aiffittBH Uan. 
Umlt (of •umUob): »t. 100, 101. Ill, U<\ 

iMr,«oa. 

IiokU (In i M. Mtf. Mit. 411. 

Luidjj^n: 8*f, ia% 141. 141. IM. IM. S21, 

a«r. ass. m. »«. S4A(. sm. arst. aw. «n. 

IdnliHtlim <-Dliri M. W, U. lOCL 103. 111. 

iML in. eiijf. «tt. 
LmsIU/1 W. aa«i MI. MK Sts, BS, WK 

aair. mt, sio. si«, im. m, m. 

Lamr diht«« 1I«M! St, 

XiCBiturt« of iDiuiMs dliciimlnitiOB: «p. IS. 

■Ht, It. I»1, 1SI.3M. 
HicbIIbI* of ■unliTitr : A TIC 

, Ht SflUl] ■^BltOt*. 

M kin 2M, an. 

Muii: Zia. «U, MS. *«& 

4il. *«!. «Sft. ^ ^ 

HiUrlitliiB 1 4. 

Uuintl «ellaUoD: 141, IM. 1», iU, SU, 440. 
Xbu : ft ArlUiBidiDBl bims. 

, a (l«H>DI0tr1ul IfltBB. 

. niiiiUoB: J«, H. 40». 4«. 

tuutiutiirt} : 4. 11. n. Mr. n. si. ita, iii. 

233. 3««. .-W. «11)1. «n. «M. 440. «SI. 
Uiann of PiMiniua : lUf. tit, Zi. 
NwarflDsst ; ut Kn aMionBUBt. 

, mBthsOi : Ml PqokBf kplal nu«- 

■BT«m*Bl Bdludi. 
»KluidinllB : 113, MSf. ttia, to. 
Kiniirid iRoi-inngu : 211. 
«Ill 1V1. IW, Xll. 

isuc* : a&. leat. no, mt. s», mt. 
389. «at. 

Woai,»*) nxlhoi^ B. tat. 
Ktmoij: 1. It». 118. in. I«8. IM. JT»C 111. 
tmt. Silt. l>lGf. M1.3IHI. 411. 411, «4S, «»& 
VwiDurjr: »tf AbviIiiU IodbI ti>eac*7. 

Utsui r»:üitr^ 1, u. j3t. 11». 

, pMilu^tiuB, ^ llf, 

XbOioiI bf kxnf« <rnr: M. W. IIDl Itl, 

31bUiu4 of ««Ltikl umJ oBiiaLt mhbs 1L 
A a t^nlitltBU : M. Mr. 
. . »pnBionL iKl.a31t3Mf,lW,tn, 

Kitköa ef'tnqstani Ml, >St. SM. SM 
• « Jb«1 BOUdiBbU iitti,itu\>*4 r M, Sif. 
... ■ iliniiili : Hf. 

. . Ivul ,ltfr,<r'r>nM ; M, t7f, 
. . Dtkfl |;E*ilatLHjiii: t4, AOf. 

. MiBiiBil (huifM: M. 31f. tee. UtL 

i«% »m. ass, sBi. 

lUUiod of rifbl bb« noBl «mm: M.nf.UL 

IK US, SM). SSI. 
lUtknl or fBprBllmlul liftnBCHi U, «K 

. mt ElTflT tB«UO«L 

, Eipn<B(nlBl BoUsl. 

. <fT^klion utthu««. 

, lABfOBf«. 
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MtChMl IM X(n.irl>l mtOiod. 

•<!■. 

, Sctiil ulbod. 
Ufttaii «faiDdil HBiiUnt;: ttt. 141. 141. 
Mind: 3. 

. (H Soil. fiplML 
Minn; £IH, «m. 
ViUot* ft La» tt BliMn. 
Modkl «ouHtTitT: M. M. ». 01. 10». 
Modality : w S»». 
■onloBt (. 
HMid > 171t. n4(. IW. «11. vn, satt, 236. MOt 

141. 2&T. SU, na, «U. 830. »1. 448, 

HonniBt: Mk iM. IMC in. itm, «m. m», 

MH. lU, M9f. HT, «M, a», »m. SM. WM. 
tat. Ml, 4SCL 
HnMMDt «UBtlOli: M, HI. lU. 3*«. M7f. 

*Mr. aatf, sis. 

UoTmntI : 'n EEpr««&if « moTtmont. 
a - Kn iD^iTitnnnt. 

in. 31«, 300, iza. 

lliiirJ* Hua: MJ, IBt. 313. 
Hunc: IMf. i<0. 1E3. 190C «U^. W(, SOOf, 
Ml, IM. OH. 

• a Dinoniac«. 

a . IUnT]L,nr- 

V . Intar* l1 

. Xtjvr, 

. « Minor. 

Bitiilin: Ul. 3T1. 

»•trt! *1(. »1. Mr,». iai.l(l«t, l!4f,143t,140 

14«. iK>, lu, iM, ata. jKH(, MO. 3as. 
BtnovM ««iuiiva: S. 10. ai. SI. I«, «il 1I& 

lt»f, IM IN^ IM. 401. 
■«1»: IBM. 134, UO. IMf, \iU, 100. KM^*I7. 

nt.*tt. 

It«lM «glmr: tH. 
, »il«k: IMf. 
KoUBaalil«: t*r Jflfl nDliflaAbl*. 

Ob>*«tln.O«jHt(«cMloB : «It. IfBt. KB, HO, 440. 
Ohi«mli<iii : *H Bma sf olaimtiOB. 

. Tktarj at wnn of nUtrr^v». 
, OUuldnr uaaUss : 90. UXit. IM, Ifil, ISl, 

in. »a, loet »». inr. sisr. 1,77. 4w. 

Uwl lUulaii : 3M. S^<r, STU, 
' Ornalc ••aiatlDB: )40l. W. iOlt. IW. 114. 
■h9. 23i. 3*0. 3l]f, 300. Mit. 3II.«Wf.J»ffr, 
*TT, ilM. 4Ö, 
OToiHlImiliun 1 1». 14. n. 1S3. 3M. Ma, 34fi, 

WM. rai. 

OvHloo»: 104, Wit. lltift. iast t»U. 303, «H, 
«40. 

PUi: M. M, 14«. IM. 181. Mt. MT. W*. 91», 

an, »n, vo, 4M. 

PBBlliUia ; M> PiftkoBhf deal p(nJI*Una. 

pHilDD : >n, tt^ M«, no. 911. 
LPhUt^ PuUTiii: tt,m.ta. »ir. 
iHlkolDn: Iff; HI. 13». lur. tsl. 114f. IM, 
«nr. ti», iiof. «N, j^^ Mk »uit, Kivr, sm. 

M). St3. UO. 3M. 302, 307. 300, 31*[. 317, 
la, *t3. Mil, 4.Uf, 
POMcUeo: »71. JM, 4IEf, 4M, 4M. 4SI. 

, Mil: m. no. 

pBtipliiffallj- •mil«! tsiiHltau: Si. Wf. i09f, 
183, lf6. HI. WE. S)Sf. 210, 2». 31U, XM. 
400, 411. 4W. 44«. 

rini ud DHdIu: 140. 



Plltk : Ml Ntl» pilch, 

PUm <MiP>; 7£. M. ^31. SOT. 

FlaaaiatitHi ; BS. »a, ItO, IVit. I3T, SSr. SSIC 

Bi&f. MM, MSf, w.\t. iii, £,a(. -jMi. snt. 

Btat. 307f, «MT, 3tct. 3»f, 481. 4». 
riMmie: 30. M. »/6. U3, MO, 3U, ISOi Od 
hiCliBB : Ml Innlll;. 

, hbhUob: IU, Ml.NIf. 
I-iaiLlH: 7, *>t. M, 713, «1. )Ptr. Sil, SM. 

MS, SU. 410, 41«. ilnf. 
^f•el(lom: mi Mbhiu« at prHUoa. 

r>«diiv<»niBB: 411, 1^ H^ TT, im «u, ao, 

Pr»pBr«tn-«t !MI7, «1. 440, 

Vnmvr •t.niUiun: :^v. ». t». M. ST. S*f. S. 

n, rrr. 1». lu. iM. IK. iMi, IST. iM^ 

ZSS. 317, Jiaf. 331.343, 3IH,WV,tl0.4t7, 4M. 
FnHU* fpot: W. «!, M, ISO. 33«, MtL 
I^tBuj ealnri mt PisduBaUl «loin. 
PiiBCipal colSBF : Ut. 311. 

a itliBaliu : mt SUadard rtSnalu. 
PnTialtU *nvr: i?T. 77. 
Pimwdn» allk tsowUdn^ Mf. Of. 71. SM. 

PnKvdnn «Ithast ta»l(d(t: Mf, 71 1«1 

174. IM. 3H, HZ 
Ptojfvrlinii : IK KicMbrW ynijMtka. 
Ph1>p1i<»u; M. 

PirfhiMi: ir. 

liliBda*«: Hi, III^ «n, 44L 
imiB—t: 174. UK m. 446. 
PifslunBKli ; 17. 

ptrduiion: It lit tcr, Md 

. HI tiimtl pfjilislscT 

^ a A4>dal p«]rpb4>li,^. 

Piyeliapbr'iral miMtirvniial ntaUinil'i iS,59;7S. 
pmlltliin; 1. 3«. 83. 13T, m. 
PifeliophyiilM : 3t- 
Puikin]>'> pbinuDMBm: 133, IM. 137, SOS, «it. 

<)atliUlin HUlU« dücrittiotUui : tl. B7. 2t*, 

QsiLJI; : 1*. S*r, MT, 114, lis. lU. SHf. latf, 
198. awr. 307, SSK sue IM, t», Sltt 139, 
:u.v »7. sssr, MO, Mir. ms. m7. tm, tn. 

2A3. XU. ITLSIor. Bai.3B».«Wt.l07.SlTf, 
MA. MB. SSa. MM. >73. SI& SISt IMC SH. 
3«7(. 3»r. 401f, 40&, 40T, 4IK, 4M. 
QtalltT orfUtiUvilj: ITS. 

BapIdU] : Mt T>WilT. 

BcuUiin I IM, TOH. JM. SM. 40ft «Mt «St 
440.44«. 

RciviruLiiun : ifis. iwf, eoet. «is. 

I(«»<ill«rtu,i> -. in. rm. II-, IMf. lOf, 303, 414, 

4Ü1. 4t8. va. 

B*tla^(nk toBB I 801. 

IUIbUiw bryothMli ; ICD. 

lUUUn «uibU di»i>aiB(UBn i M. SM. Ill, 

IWr, KM. SW. 403. 
BcUliiity ; 91. W, aal 

, fH I>*w (if rtllllTnt. 

bBnduriic.n : ».1, •«>. liar, IW. «OI^MttMk 

JM. 37«r, 3iU, 3S0. too. im. 4ltr. il«, 4M, 
4ISf, «^If. 4;fl, «M. «33, «W, 4SIC *«V. MIL 
460. «63, «M, 
BapFcdaoUoi: «f FIdeUlj of repmlntttah. 
, M Ib<i«BtlT* |0 iTpndBfttäBa. 

, LiBtiUilr of mr*AtcU«a. 
, llat«iBl of nptodidiga, 
anrodortlTIlT: Il SI. 43, 173. «Ö, Ma. MIC 

UHiauirn •alHilon: lAlf, BIS, 

btiui 47. SI. ISS, inf. 140. 3S0l a«, m«. 

361 r, S7ir. 
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Rbrtt«: iBa. an. mo, ui, sse, an, a»,asi2. 


a-Dxititiiji M. M. t7, IM, luf, i«a. 


m, iM. 4». 


. Mf tntfluiv* MBldbflilj' 


Wh (<rf HMtl«): UJ. Mft. Mt, 180. aiM. 


ünniltiTc ipDt; «n Cold ipot. tU. 


387. Ml 


a«u.iiiTii; : «K ur, lea. 114. \n. u», lui 




HI, -in. ak >u; XM. am. 839. u^, m» 
siBf, jMr, 4äit 4>i>- 


8WDnUMi:jn.ll*r.lE4f.lW.S0«f,3l<t,40I.Miif. 


Salf-MDMlAiiiiiHi : M&. HD. 


SaiuitlTitji n» DalicMT iT HuitiTltr, 


MuaUon: tOt. t»t. *M. «7, 'Jl. UH, »I, liO, 


, . DIrMt ••imltltltj. 


^^ Z3&f. ma. SM. eisr. ^ar, 33\3tif,s72.s7«. 


V , IndlrBct tsliatlitltjr. 


^H lun. 401», tl!4. 4«). M'J. 4». 438, 44«, 4AI. 


s , M*4rriiludc nr »«DiltlTltT- 


^^1 Siiuklles ciii'la: S38. ii^f. 


a » Idckdll 4(Mlliil1tvjl7, 


^^^L 9M jtflBF tAQUtloD- 


»«rid mttboil: M«r. U7. M7, 2M, 252f. 


^^^B 4 ArllflDlu XBiiBttlDa. 


SliiUMiig: 14*, IBJ. 


^^^1 Auditory lAnnAlloa, 


SilEllIt m VktiQiL. 


^^^1 Uvr^btDikB« ■■natton. 


KiKnil: U»(. 


^^^1 OuUiDfcl \t\lilt uf •HBHtiDfl, 


äilnii^M- 107r. 


^^^1 , Cntrtllr «ifttod MnHtion- 


»iiBiitiitT! im. vat. SOT. 


^^^M Colntii BtDiAliDa, 


Binplirily (^r tijrblral pio »««■■)! 19. 


^^H . Cdbhboh HDHtm. 


skiu: SI, «wf, 'J3, ua, 144. iM. leo. sisr. an. 


^^H CnnUrt tiiniairfiQ. 


Mt, MIf, ÜKi. 


^^^1 ClllADUUtia MbllJklilUI, 


aioai:: M&, (SO. Uft 


^^H Th\\ cT t^nutioo- 


J^mpll: tt* OTfkL^UiT «aoHUoB. 


^^^k dbtiaXatj ftinnttork 


Bu^l.l pijnlinliPJi! J. 


^^^1 ^ InDfrvation vvn»«l[on. 


Soul. Sill'"! 3. 961. 36«. 


^^^1 Ll^hL Hriii-jtliia 


Sausd; .-H, l<Wt. IMf. W^. 'iO. 


^^^B L[niil lODvstlDfl. 


, Huiiliun: aa. 383. 


^^H , Kftnamt »iiHUoa. 


StMWI Hf PlrcctlDii. 


^^^1 VdbiIii ■aontfaD- 


• , DUtancB, 


^^^B OirbHoFT *eDHtl4ii- 


, &lUB>lAd, 


^^^1 Ori;*iiii^ inhdiAtiirL, 


Idis i>r Hrplb. 


^^^1 a , P«iphtiitL]> uiL'itiO »oomUuil 


. Luulilji. 


^^H , Pauun innntins. 


, Npitlil nuCBllud*. 


^^^H « Pr»—af HHiuktiaii. 


. nrror: %\t. 


^^^1 B«lltu« tonulii^a. 


iimoDi ,i«»f. M«r. an. 


^^^1 Hi» of nBtiamUui. 


, }f*ltmbiXabi 9Mt, 
hdmLIuii: %, 381. 


^^^P ifciiiDd loniaiiofL. 


^^H ( äpMV ivntitlon. 
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